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THE DEVELOPMENT OF A SERIES OF PIAGET I AN LEARNING CYCLES 
AND THEIR COMPARATIVE EFFECTIVENESS VERSUS A TRADITIONAL 
APPROACH IN THE ENHANCEMENT OF FORMAL THOUGHT I N HIGH 
SCHOOL FRESHMAN PHYS I CAL SCIENCE STUDENTS 
This s tudy was und ~rt a k e n be caus e re search h as shown 
t hat the maj o rity o f secondary s ci e nce students d o not po sses s 
the cognitive thought processes necessary fo r them to f un c t ion 
with a high d eg r ee of s u ccess in the sc i e n ce classroom . 
The two purp oses of t hi s proj2ct we r e , f irst , to d e -
velop a series of l 2ssons e mplo ying a Pi age ti an Lea rning Cy cle 
to enh a nce the de ve l o pme nt o f formal tho ught p rocesses in 
high sc h oo l f r eshmen . The t h o u g ht processes covered in t h e 
lessons we r e se p a rati o n and con trol of varia b l es , combinatorial 
tho u g h t , and p ropo r tional tho u gh t . Second ly , upon their 
d evelopment, th ese lesso n s were assesse d aga inst a ser i es of 
l 2ssons cov2r ing th e same ty p e af conten t ma t e rials but em-
ploying a textbook- lecture-laborat o ry type of metho d o logy . 
Thi s st udy was conduct e d wi t h nint h grad e sc ud e nts 
enroll e d in two physical sc i ence classes. Th e two clas s es 
used for thl s s tudy we re pretested with the Piagetia n Logica l 
Operations T est (P.L . O . T . ) . Th e pretest scores were then u sed 
to r ank the s tudents from highest to l o west . Then t h ese 
sco res were divid e d e qually int o an upp e r and lower h a lf (see 
p age 36) . Thi s divisi on was d one to a ssess significant 
changes in a portion of the sample that may have b een masked 
by the othe r ha l f on the total b a ttery . 
A coin toss was used to de t ermine which g r oups served 
as contro l and experimental . The pretest sco r es f o r each 
item a nd the t ota l battery were compare d by means of at-test 
to determine equ ival e n ce . The findings s howed equivalence 
fo r each half an d for the total sample of each g r oup on th e 
total battery; however, fe w individual test items did no t 
show eq uivale n ce. 
Upon comple tion of the treatment, a posttest was con -
d ucted using P.L.O.T. These posttest scores were then com-
pared by Analysis of Variance to ascertain any s i g nificant 
increase in achievemen t in t he to t al battery or in any o ne 
single item by the groups. 
Conservation o f matter, not a formal level process, 
was measured as it is a por tion of the test instrument. This 
test item showed significant gains in th e lower half of the 
con trol g r o up, a lon g with g ains in both halves and the total 
sample of the experimental g r oup. The tes t designer sta t ed 
that this item was subject to learning effect f r om the pre -
test. This researcher found a l a r ge amoun t of verbal inter-
actio n concernin g t he outcome of this item among both groups 
afte r completion of the pretest. 
Combinatorial Thought, which i s fe lt t o be a highly 
s tructured p r ocess , showed no significant gains in any of t he 
tested samples. The Learning Cycles here were thought to be 
of no value. 
The Proportional Thought test item showed a signifi-
cant increase (to the .01 level) for the lower half of the 
experimental group while no increases for any other samples 
tested were noted. ·· 
The total battery assessments showed a significant 
gain (to the .01 level) for the lower half and total sample 
of the experimental group. This study indicated, with the 
exception of the Combinatorial Thought, the Learning Cycles 
were of _value in promoting these types of formal thought in 
the total samples and in the lower halves. 
It could be inferred that these Learning Cycles could 
be incorporated as a part of remediation for those students 
having difficulty grasping the forementioned concepts. 
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Statement o f Purpose 
CHAPTER I 
INTRODUCTION 
The purp ose of this project i s to develop a series o f 
teaching units for an a ver age to a b ove ave r age a bility ninth 
g r a de physical science c l ass that will a id in th e development 
of the forma l thought processes of con trol of vari a bles, com -
binatorial thou g ht, and proportional though t (See Appendices 
F, G, and H) . These units will ap ply the self -re g ulative 
cycle of the Piagetian Learning Model as descr ibed by Karpl us, 
1 Lawson, and o thers . 
Upo n completion, the Learning Cycle s Units will be 
evaluated to ascertain their ef fectivenes s in promoting the 
Formal Thought processes more beneficially th a n the tradi-
tional textbook-lecture-laboratory approach commonly in use 
a t most scho ols current l y . 
Significance of the Study 
The motivation for this s tud y is the reported dispar -
ity be twee n the nature and goals of science ed uc ation with 
its demands up on the secondary stude nt a nd the nature of the 
1 R. Karplus, A. W. Lawson, W. T . Wollman , M. App e l, 
R . Be rno f f, A. Hower , S . D. Rusch, a nd R. Sullivan , Science 
Teaching and the Developmen t of Reason i ng , Berkeley: Law-
rence Hal l of Sc i ence , University of Ca l ifornia , 1977 . 
1 
cognitive thou ght processes of the student enrolled in the 
science class . 
2 
Most science curricula attempt to develop the learner 
into a model scien tist. The thinking processes used by the 
scientist and those that are required of the student are clas-
sified by Jean Piaget as being formal level thoug ht processes. 
The student is expec t ed to funct ion a t a formal level, where-
as most research has shown th i s age g r oup i s unable to achieve 
at that level. 
Studies conducted by Renner, et. 2 a l., Thornton anrl 
3 4 Fuller, and others have shown that the vast majori ty of 
high school students and a significant number of college stu-
dents fail to attain formal levels of thought . 
J ohn Renner, Dianna Prickett, a nd Michael Renner con -
ducted a study of 1313 tenth, eleventh, and twelfth graders 
with thr ee forma l tasks. The st udent responses were sum-
mari zed to show that the tenth graders were 69 percent con-
crete operational , 27 percent transitional , and 4 percent 
2John Renner and Donald Stafford, _T_e_a_c_h_i_n__..g_S_c_i_e_n_c_e 
in the Elementary School, 3rd Edition , New York : Harpe r & 
Row Publishers, 1979, Appendix C. 
3Melvin Thornton and Robert G. Fu ller , "How 
Students Solve P r oportional Problems?" Jour nal of 
in Science Teaching , Vol. 18 , No. 4 , pp. 335-340 . 
do College 
Research 
4 Anton Lawson and John Renner, "Relationships of 
Science Subject Matter and the Developmental Level of 
Learners," Journal of Research in Science Teaching, Vo l. 12, 
No. 4, 1975, p . 347 . 
formal level. In comparison, the eleventh graders gave 60 
percent concrete, 31 percent transitional, and 9 percent 
formal responses. Further, the twelfth graders showed 54 
percent concrete, 31 percent transitional, and 15 percent 
5 formal level responses. 
6 Thornton and Fuller sampled college students with 
three different ratio problems in three different areas of 
the United States and found similar results in each area. 
3 
The responses by their samples showed only a 69 to 70 percent 
formal level of thought in one task requiring the use of pro-
portional teasoning. Thornton and Fuller 7 also cite a study 
by Karplus, Adi, and Lawson at the University of California, 
Berkeley, showing similar results on a similar population 
with a proportional reasoning task. 
Various researchers have found that these students who 
are not functioning at a formal level are being penalized by 
our educational system. Kolodiy 8 found that concrete thinkers 
received lower scores on the Scholastic Aptitude Test (S.A.T.) 
5 Thornton and Fuller, op.cit . 
6 Ibid. 
7Ibid . 
8 G. Kolodiy, "The Cognitive Development of High School 
and College Students," Journal of College Science Teaching, 
Vol. 5, No. 1, 1975, pp. 20-22 . Cited by: Enrico Aquirre 
DeCarcer, Dorothy Gabel, and John Staver, "Implications of 
Piagetian Research for High School Science Teaching: A Review 
of Literature," Science Education, Vol. 12, No . 4, p. 571. 
4 
and had a higher dropout rate from science classes as compared 
to formal thinkers . 9 Ball and Sayre in studies with high 
school students found that students who received an "A" for a 
yearly g r ade were composed of 88.2 percent formal thinkers 
and 11.8 percent non- formal thinkers. Those students who 
received a "D-F" were assessed as being composed of 19 per-
cen t formal thinkers and 81 percent non - formal thinkers. 
There are many prog r ams being developed and curren t ly 
in ope ration to s timul a t e the development of formal thought 
levels of college freshman classes. These programs were de -
signed as either short intensive sessions of a few weeks or 
as a multidisciplinary program designed to meet this challenge. 
10 The research conducted by J. W. Carmichael shows suc-
cess with dropout rates from science classes by predominately 
black students in freshman college sciences that are similar 
to Ball and Sayre's figures for high school students . 
The studen ts who are classified as formal thinkers 
can a l so benefit f rom this type of program . Dunlop and 
Fazio 11 cite Piaget and others as claiming that formal think-
9
naniel Ball and Steve A. Sayre, 
ondary Science Teacher," School Science 
12 , No. 2, 1974, p . 334 . 
"Piaget and the Sec -
and Mathematics, Vol . 
10
J . W. Carmichael, et.al. , "Project Soar (Stress on 
Analy tical Reasoning)," The American Biology Teacher, Vol. 
42, No . 3, March 1980, pp . 169-173 . 
11
Jean Piaget and Barbel Inhelder, The Growth of Logi-
cal Thinking from Childhood to Adolescence , New York : Basic 
Books, 1958. Cited by: David L . Dunlop a nd Frank Fazio , 
"Piagetian Theo r y and Abstract Preferences of Secondary 
Science Students," School Science and Ma thematics, p. 22. 
5 
ing students will regress to the use of conc r ete thought 
structures when encountering new experiences and therefore 
many students at the formal level will benefit from pedagogy 
aimed at concrete thinking students . 
Definition of Terms 
Accommodation - The changing of the individual s' mental st r uc-
tures in order to establish a balance due to discrepancies 
that have been assimilated from their experiences . 
Assimilation - The process of incorporating experiences from 
nature into the mental structures or schemata . 
Combinatorial Thought - A formal reasoning pattern in which 
the child will recognize all possible combinations in any 
g iven situation . 
Conserva t ion - A reasoning pa tt e r n in which the child realizes 
that the quantity of a substance is not affected by changes 
in its shape if nothing is added or subtracted from it. 
Control of Variables - A formal thought process in which the 
c hild recognizes the need to eliminate all factors except 
the one being tested, as influencing the results of an experi-
ment . 
Equilibration - The process by which the imbalances in a 
child's mental structures are eliminated as the child encount-
ers environmental discrepancies . 
Formal Thought - The ultimate level of thought of Piaget ' s 
hierachy of levels. The child upon reaching this level will 
be able to use proportional thinking, combinatorial thinking , 
6 
correlational thinking , theoretical reasonin g, and to c ontrol 
vari a bles. 
Non-formal Thought - Refers t o concrete ope r a tional though t 
and to tr ans itio n a l f o r ms of thou ght va r y in g be twe e n the con-
c rete a n d formal levels. 
Probabilistic and Correlational Reasoning - A reason in g pat-
tern utili zed t o understand the nature of probability and rec-
ogn ize it s impl ic a tions fo r the analysis of experimen t a l data . 
The c hild under s tand s the vari a tions in collected data and 
makes allowances when interpreting them . 
Proportional Reasoning - The thought pr oces s that involves 
recognizing and ap p lying f u nctional relationship s of 
ratios and propor tions . 
Reversibility - A concrete reasoning pattern in which the 
child, upon following a series of steps and reaching a final 
sta te in a menta l problem, ca n r eYerse h is/her thinking t o 
comp ensate. 
Schema t a - Piage t's ter m for the mental s tr uctures and pat-
tern s of thought a ch ild uses . 
matures. 
The se are a lter ed as he/she 
Self -Re gulation - See Equilib r ation 
Theo r etical Reason ing - Reasoning patte r ns where mental ex -
planations or models a re constructed to explain indirectly 
observable phenomena. 
Traditional Teachin g Methodology - Refer red to as the text-
book-lecture-laboratory app r oach. The teacher who uses this 
methodology will assign a reading from the textbook ove r a 
conten t area. The next day , this content will be the focus 
of a lecture with discussion of any student questions . The 
laboratory work is then used to reinforce the previous lec-
ture, as the student will conduc t experiments to verify the 
content co ncept previously given to him . 
7 
Transitional Reasoning - Since the changes from one stage to 
another are not well defined, the student may exhibit a partial 
grasp of some portion of a highe r level of thought at certain 
instances while retaining a majority of a lower stage's char -
acteristics. In this study , transitional reasonin g will refer 
to the child in transition between the conc rete and the formal 
levels. 
Delimitations 
1. This study was limited to a population of 
fifty Central Kentucky ninth g rader s. 
2. Four studen t s were involved in the treatments 
but their data were not analyzed as they were 
n o t enrolle d a t the time o f the pretest o r 
at the posttest. 
3. Three students did not fit the criteria for 
minimum standards for enrollment in this 
class but were placed in it due to parental 
desires. Two were in the experimental with 
the o ther in the contro l group. 
4. Additional individual assistance had to be 
offered in some instances to enable students 
to ge t started. This was due to the lack of 
laboratory expe riences for a majority of the 
population sampled by the two classes . This 
aid was in the form of equipment usage, me-
chanics of the equipment and procedures on 
collection of data. 
Hypotheses 
H : 
0 
R : 
C 
There will be no significant variance 
between the pretest and posttest scores 
of the students using the Learning Cycles; 
also there will be no significant variance 
between the pretest and posttest scores of 
the students using the more traditional 
method. 
There will be a significant variance 
between the pretest and posttes t scores 
of the students using the Learning Cycles; 
but not significant variance found between 
the pretest and posttest scores of the 
students who use the more traditional 
approach . 
There will be no significant variance 
between the pretest and posttest scores 
of the students who use the Learning 
Cycles ; but there will be significance 
in the variances of the pretest and post-
test scores of the more traditional 
approach group. 
There will be a signi ficant variance 
between the pre test and posttest scores 
of students using the Learning Cycles; 
also there will be a significant variance 
between the pretest and posttest scores 
of the students using the more tr aditional 
method . 
8 
CHAPTER II 
RELATED LITERATURE 
Piaget describes cwo kinds o f k nowl e d ge : f i g ur at i ve 
and o p e r ative . "Fig urative knowledge r e l ates to fac tual 
materials s u ch as names of th e p a rt s o f s p eech, multiplica-
tio n tables, and the d ates and d escrip tions of hi stor i cal 
e vents. Op e rative kno wledge co nsists o f t h e a bilit y t o a pp ly 
logical processes to wh at has b een lea rne d figura tive ly . 111 2 
The way th ~se two cyp 2s of kno wledge de velo p also is 
different . "The a bili ty to learn figuratively seems to b e 
pr esen t from early in fancy on . The d evelo pm e nt of operative 
capability, better know n as Co gnitive Developme n t , develops 
from infancy thr o ugh a series of stages ." 1 3 
The Dev e l o pment o f Men t al Str u ct ur es 
Numerous studies have shown that the ages of attain-
ment of each state varies s lightly wi t h in vario u s c ultures , 
but all y o ung p eople at t a in the cognitive levels and thos ~ 
skills at each level in the same pr og ression. Pi age t states 
1 2 
Ha r vey Willi a ms , C. Willi am Turner , Lu c i en De b r 2 u ill , 
Jo hn F as t , and J o hn Berestians ky , "Des igning Scie nce Lessons 
to Pr o mote Cognitive Growth," The S c i ~nc2 Teacher , Vol . 46 , 
Janu a ry 19 79 , p. 27 . 
13 Ib id. 
9 
that "although the order of succession is constant, the 
14 
chronological ages of these s t ages vary a great deal." 
10 
It s h o uld be emphasized that each level has a specific 
set of mental structures or schemata identified with it. 
These schemata must be a ttained for the ch ild to be a ble to 
progress to the next level, no matter the age of the indi-
v idual. These mental s tructures "functio n to organize the 
environment so that the o r gani sm can function s uccessfully 
. "15 d d within it . Piaget, accor ing to Lawson an Renner , views 
the development of these structures as the fundamental proce ss 
of intellectual development. Our structures, in effect , 
determine how and what we think and how we interact with o ur 
envi ronment. They repre sen t o ur knowledge about b o th the 
physical world and the wo rld of ideas. 16 
"According t o Piaget, a person is unable to perceive 
thin gs until his mind has developed a structure which enables 
its perception . . II 1 7 This is why ta s ks cannot be tau ght 
to students whose s tr uc tu ~es a r e not developed far enough to 
gras p them. The process of designing new mental s tructure s 
14Jea n Piaget, "Cognitive Development in Ch ildren : 
Development and Learning ," Jo ur nal of Resear c h in Science 
Teaching, Vol. 2 , 1964, p . 174 . 
15Ant o n E. Lawson and John Renner, "Piage tian Theory 
and Biology Teaching , " The Ame rican Bi ology Teache r, Vol . 37, 
September 1975, p. 336 . 
16
rbid. 
17 Ibid. 
11 
and redesigning existing ones is called equilibration or self-
regulation. 
There are four factors out lined as affecting the devel-
opment of the ch ild from one stage of s tructures to anothe r 
stage. These factores are: experiences, soc i al transmission, 
maturity of the central nervous system comb ined within, and 
a process of equilibration or self-regulation. 
Piaget believes strongly in the interaction of the 
chi ld with his environment. Two types of experiences that 
are used as building blocks result from these interactions. 
Physical experiences , namely action upon objects, leads to 
struc ture s being developed abou t that ob ject. The o b serva-
tions of these s tructures leads to logical-mathematical struc -
tures being developed concerning the patterns that are de rived 
from those objects. Piaget defines this as "a second type of 
experience which I shall call logical-mathematical exper ience 
where the knowledge is not drawn from the objects, but it is 
drawn by the actions effected upon the objects . 111 8 A prime 
examp le of this could be the ch ild identifying the character -
istics, upon handling a number of rocks, then mentally clas-
sifying them into a group based upon those characteristics. 
According to Lawson and Renner this dependence upon 
physical experiences with objects in the early stages , concrete 
18 Piaget, op.cit., p. 176. 
12 
oper a t ion al and b e l ow. is n ecessar y so t hat t he student can 
19 
refer to the objects as higher structures are being developed . 
Social transmission is a large component of structure 
building. The student must inte r act with parents. teachers. 
and other students to be shocked away from a very egocentric 
frame of reference. A child fails to objectively view or 
evalua t e anything because he/she has lear ne d to look at things 
20 
related to themselves . 
Without interacting with his peers . parents , and tea-
chers. the child will have no reason to change any of the men -
tal structures he had developed . "Social i n teraction can lead 
to conflict, debate , shared data, and the clear delineation 
and expression of ideas . " "All of these require that the 
21 
stu den t carefully examine his present beliefs . " This 
examina tion is a n ecessary cond i tion for the change and 
development of new structures . Lawson and Renner refering 
to social transmission state that "this point is sometimes 
overlooked b y teachers, who try to incorporate Piaget ' s ideas 
and his insistence on concrete materials into their class-
rooms . The fact of the matter is , a ll the concrete experi-
19 Lawson and Renner, op.cit . , p . 337 . 
20 Herbert Thier, Teaching Elementary School Science: 
Laboratory Approach. Lexington, Massachusetts: D. C . Heath 
and Co ., 1970 , p . 99. 
21 Ibid . 
13 
enCGS in t h e world wil l no t fa c ilit a te the ac quisitio n o f 
a b s tractl o ns u n l es s it is ac comp a ni e d by so cial i n t e r ac ti o n 
22 
v i a t h e u se of lang u a g e . " The e du ca t o r mu s t b e a wa r e t h o u g h 
that t h e c o n c r e t e e x p erie n ce s mu s t b e there f o r th e soc i a l 
lnt e r ac tio n t o t a ke p l ace . 
Ma tur ation of t h e ce ntr a l ne r vo us s y s t e m is anot h e r 
f a c tor t o b e di sc us s e d in t he b u ilding of s tru c tur e s . Cur -
r e ntly t h e r e h as b e en mu c h int e r e st co n cerning th e h uma n br a in 
a nd its deve l o pmen t thr o ughout t h e gr owi n g ye a r s . Epst e in, 
c it e d by J o hnso n h a s d one r~s~a r c h on th ~ my c li ~a tion o~ th e 
n erve f i b e r s o f the b ra i n a nd has f o u n d a co rr e l at i on b e twee n 
the gr o w t h s pur t s o f t h e br a in a nd th~ b eginnin g s of t h e 
23 for ma l s t a ge s of cognitive d e v e l o pme nt . T h e ma turity of 
t h e brain , wh ich i s a cons ~r a in t o n the chi ld' s a bi l ity t o 
store a nd me nt al l y manipula t e imp ortan t ac tions , lim i ts to a 
g r e at ex t e~ t the chi l d ' s a b il i t y t o compre hend co mple x con-
1 . . 2 4 ceptua 1z a t1ons . 
Equil i b ra ti o n s or se l f - reg u lat i on is comp os~d of t wo 
compl e me nt a ry act i o n s , ass imil a tio n a nd a cco mmo d ation . 
22 La wso n a nd Renne r, o p . c it ., p. 338 . 
2 3Vir g i n l a R . Jo h nson , "My lel i n and Ma tur ation : A 
Fres h Loo k a t Pi a get , " Th e S c i ence Teac h e r , Vol . 4 9 , Ma r c h 
1 98.l , p . 41 , c iti n g H. T . Epste in , " Gr o w t h Spur t s Du r ing 
Brain De v elo pme nt : I mpli cat i o n s fo r Educa t o n a l Po li c y and 
Pr ac tic e s ," Ed u catio n a nd the Brai n , Chica g o : Un i ve r s i t y 
o f Chi c ag o P res s , 1979 , p p . 343-37 0 . 
24 La wso n and Re n ner , op . c it . , p. 338 . 
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"Ass i mi lation is the action of comparing a p r ecep t ion with 
25 
the mental struct ures existing at the time . " The precep -
tion if it is compa t ible is incorporated directly into the 
structures . I~ the individual ' s mental structures cannot 
assimilate the information as such in its normal state, 
then the mental structures must be changed to allow for 
inco r poration. The alternating of these mental structures 
is called accommodation . "Thus, new mental concepts are 
developed through modification of existing concepts . The 
cylical process of self-regulation occurs as assimilation 
modifies observation to confront existing structures of 
knowledge and ac.commodation modifies existing structures to 
coincide with new observations. 1126 
Duckwor t h is quoted as saying. "Piage t views the for -
mulation o r development of me n tal structur es or concep t s 
as the product of dynamic interaction between the individual 
and the environment. 1127 The real learning takes place when 
the learner finds contradictions where the environment dif-
fers from his perceptions of what it should be . This state 
of confusion is classed disequilibrium. It is produced by 
the contradictions and will be reduced by self-regulation, 
25Richard Walker , Jon Hendrix, and Thomas R. Mertens, 
"Sequenced Instruction in Genetics and Piagetian Cognitive 
Development, " The American Biology Teacher, Vol. 42, Feb r uary 
1980 , p. 105 . 
26 Ibid . 
27 Elinor Duckworth, "Piaget Rediscovered," The Journal 
of Research in Science Teaching , Vol. 2, No . 3, 1964, p . 243 . 
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or the construction of new mental structures. Intellectual 
development proceeds as one moves from equilibration to dis-
equilibrium and then to a new equil ibrium with the rebuilding 
of new mental structures . 28 
Stages of Cognitive Development 
Piaget has outlined four stages 0£ c ogaitive 
development . Numero us studies, as mentioned earlier in this 
text, h ave shown that the ages of attainment of each state vary 
slightly within various cultures, but all young people attain 
the cognitive levels and those skills contained in each in 
the same progression . Each level has a series of mental struc -
tures or schemata identified with it. These mental structures 
"function to o r ganize the child's preception of what his en-
vironment is as he ac t s upon it , so he can function success-
fully within it . 11 29 Piaget, according to Lawson and Renner , 
views the development of these structures as the fundamental 
process of intellectual development. Our structures, in 
effect, determine how and what we think and how we interact 
with our environment . "They represent our knowledge about 
t he physical world and the world of ideas. 1130 
28 Lawson and Renner, op . cit ., p. 337 . 
29 Ibid. 
30lbid. 
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The first two stages will be only briefly mentioned as 
they se r ve as a basis fo r the later stages typified by the 
student population of this study . 
The first level, the sensory motor stage, occurs from 
birth until eighteen months to two y ears of age. It lasts 
until the child begins to communicate with lan guage (the 
development of symbolism). The many characteristics of this 
stage include the permanence of objects where the child begins 
to think of o bjects in his environment as tontinuing to exist 
even if they a re not vis ible. This relates to the develop-
ment of space and direction in which the child knows he can 
return to a g iven area and expect an ob ject to be where it 
was left. 
The child also notes that objects maintain their shapes 
and sizes. He begins to seriate events and re t ain t hem in 
his memory . All these f o rementioned steps are developed by 
direct action on actual o bjects. 
The change between stages holds no clear-cut deline -
ation from a previous one as the child's development is a 
continuous series of developing patterns . The preoperational 
stage, until about the age of eight years, is the beginning 
of representational thought. "Piaget calls this stage the 
beginning of thought as representation. He describes the 
need for the child to reconstruct in thou ght all that devel -
oped during the sensory motor . 1131 In other words, this is a 
31 Thier, op.cit., pp. 82-83. 
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transi t ion stage f r om the senso r y motor stage , whe r e the 
child acts upon objects by direct action, to where he can 
now operate with a coherent and integrated cognitive system . 
Lawson and Renner characterize this stage as "the child ex-
hibits extreme egocentricism, centers his attention only upon 
particular aspects of given objects, events, or situations 
d d d . . 11 32 . an oes not emonstrate conservation reason i ng . 
The beginnin g of this stage is typified by the failure to 
conserve substance, at its end the child is capable of many 
conservation skills . "The knowledge of conservation of 
substance, solid or liquid, during changes in shape or appear-
ance is most important to the child's understanding o f much 
of the work of the Physical Sciences. 1133 
The concrete operatio nal level is seen in the majority 
of seco n dar y sch oo l students . P i age t is c ited by Lawson and 
Renner as describing this stage. "The operations involved 
are called ' concrete' because they relate directly to 
34 
objects and not yet to verbally stated hypotheses . " 
Some examples of the concrete operational level stu-
dent are that he understands conservation of substances, 
32 Lawson and Renner, op . cit . , p. 34 1. 
33Th. ier, op . cit., p. 85. 
34 Lawson and Renner, op . cit . , citing Jean Piaget and 
Barbel Inhelder , The Psychology of the Child , New York: 
Basic Books, 1969, p. 100. 
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simple classificat ion systems, o r derin g, and ser ial operations . 
He is capable of mentally reversing processes already com-
pleted. Re must carry out operations by observing or manipu-
lating actual objects . 
Some further examples of concrete reasoning that are 
applicable to th i s study specifically are a need to have 
s t ep by step instructions in conducting experiments, and a 
set of questions to follow in any other analytical situation . 35 
This student may apply some variables that will influence 
an experiment but will neglect many others . This student 
fails to separate and examine possible variables , then allow 
for them in a controlled experiment. In analytical situa-
tions he will not use combinatorial reasoning. "The con-
crete child usually tes t s each of the factors alone, but does 
36 
no t consider all the possible comb ina t ions. " He fails to 
develop a systematic plan of attack to work from. 
Proportional reasoning and the use of ratios is another 
failing point of the concrete student . When presented with a 
problem requiring the use of a proportion, he will try to use 
addition or subtraction to solve the problem. If he is a 
little more advanced, some multiplication or division may be 
attempted but with no understanding of why. 
35
william H. Glenn, "Concrete and Formal Thinking in 
the Earth Science Classroom," The Journal of Geological Edu -
cation, Vol. 25 , May 1977, p . 121. 
36 Ibid. 
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Many times these students will apply a memor ized for -
mula or algorithum and appear to be beyond this level until 
37 
their logic is closely questioned. When questioned, they 
will revert back to a true concrete reasoning pattern. 
Another characteristic, that is brought forth by Kar-
plus, is the failure to use accurate probabilistic and cor-
38 
relational reasoning. These students have trouble describ -
ing their answers and deriving patterns to their experimenta-
tion when the results are not "right on the money." They 
fail to interpret accurately results that are flawed slightly 
by various types of slight errors . 
The last level, the formal operational level, is built 
upon and includes those operations of the concrete level 
thinker and goes beyond to utilizing those other processes in 
s i tuat i ons where we do no t deal with tangible objects. Her-
bert Thier "characterizes this ability to reason about a 
hypothesis and not just objects, as the distinctive feature 
characterizing hypothetic-deductive reasoning. 1139 The s e p a t-
terns involve proportional reasoning, separation and contr o l 
of variables, and combin a torial reasonings. 
extremely important to Science. 
All of these are 
37
oavid Coulter, Harvey Williams, and Henry Schulz, 
"Formal Operational Ability and the Teaching of Science Pro -
cesses . " School Science and Mathematics, Vol . 80, 2/81, p . 137. 
38 Robert Ka r plus, Helen Adi, Anton Lawson, and Stephen 
Pulos, "Intellectual Development Beyond Elementary School VI: 
Correlational Reasoning, 11 School Science and Mathematics, 1978, 
p . 681. 
39Th' 1.er, op . cit., p . 92. 
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Basically, the student at the formal level can mentally 
manipulate abstrac tions whereas the concrete thinking student 
canno t. As an example, the abstract concept of density is 
derived from measurements of mass (weight) and volume which 
are obtained concretely. A concrete level child derives both 
preliminary values from an objec t by measurements . They may 
have memorized the formula of D = M/V and are able to insert 
the correct values into the equation . The difference appears 
when the concrete child agrees that a change in the volume 
(and a resulting change in weight) will cause a change in the 
density. The formal level chi ld will recognize that there is 
no change in the density . The measurements gathe red are the 
results of concrete operations , the understanding of the con-
cep t of density derived from these is an abstraction requiring 
formal level thought to understand. 
Types of Thought and Science Education 
Science ed uc ation contains a large number of barriers 
for the non-formal thinker. Many of the science concepts 
are hypothesized models of natural phenomena based upon ob -
servatto~s of objects and interactions under experiment al 
conditions. Some examples of this are: a model of the gene, 
DNA and natural selection of biolo g y , and the atom and molecu -
lar models of chemistry . Their nature and structure a re in-
ferred from observations of their behavior under experimental 
condi tions set up in the laboratory . 
21 
Introductory science and biology classes emphasize a 
survey of many fac ts along with these abstractions rather 
than allowing for a more in depth understanding as allowed by 
self-regulation. Often the student finds himself in a "mad 
race" to cover the text rather than being allowed the time 
and experiences to gain an in depth understanding of a few 
important concepts. Most introductory classes fail to offer 
practical experiences. If they do anything other than the 
text, it is of ten in the form of models, through films, and 
filmstrips , TV, or pictures . These act ivities, Piaget feels , 
are not adequate substitutes for actual 'hands on' manipula-
tions . In introductory classes many formal thinkers are 
actual ly forced back to use of concrete methodologies. For-
mal thinkers will revert back to concrete thinking procedures 
if not allowed time to self-regulate new phenomena . 
Doyle and Lunetta feel that the science teacher is 
faced with two alternatives. The first is to present all 
scientif ic concepts concretely. Secondly, all students 
should be taught to think on a formal level. They feel due 
to the nature of the science concepts that the second is 
40 preferable . 
Two of the many projects which agree with Doyle and 
Lunetta recently developed in higher education a re DORIS 
(Deve lopment of Reasoning in Science) at California State 
40 Jerry J. Doyle and Vincent N. Lunetta, "Piaget in 
Perspective," School Science and Mathematics, Vol. 76, Febru-
ary 1977, p. 479. 
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University and SOAR (Stress o n Analytical Reasoning) at Xavier 
University in New Orleans. Both of these programs were de-
signed to aid the large numbers of college freshmen entering 
science programs who are at a concrete level. These students 
have been documented by many researchers as having high num-
bers of failures and resulting withdrawals from the science 
programs . 
J. W. Carmichael, et. al., with Project SOAR has shown 
a significant increase in the level of thought by the students 
. hi 41 1.n s program. The DORIS program has not published evalu-
ative information yet. These programs incorporate the self -
regulative Learning Cycle Approach, science concepts, and sub-
ject materials from the different divisions of the sciences . 
Lawson and Renner cite the Educational Policies Com-
mission, in 1961, as claiming t h at the cen t r al role of the 
42 
school must be to teach the children to think rationally. 
If secondary education is to play a role in fostering the 
development of rational thought, then problem solving and 
thinking skills must be developed through the enhancement of 
formal level thought. 
The methodology successfully used with SOAR, DORIS, 
and other programs is a Learning Cycle developed by J.M. 
Atkin and Robert Karplus, later modified by Karplus and 
41 J. W. Carmichael, op . cit ., pp. 169-173. 
42 John W. Renner and Anton E . Lawson, "Promoting Intel-
lectual Development Through Science Teaching," The Physics 
Teacher, Vol. 11, May 1973, p. 276. 
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others . This Learning Cycle incorporates the self-regula-
tion factors of Piaget plus the laboratory setting and goals 
of the science classroom . This cycle presents the materials 
in a three-phase manner which is the opposite of what is nor-
mally the procedure for presentation of a concept . Normally, 
it would be recommended that the learner be prepar ed by read -
ings, lectures, and discussions before beginning a laboratory 
exercise . The student is in this manner of presentation 
proving that the solution which has been "taught" t o him is 
correct and accurate. Karplus feels that this will just 
reinforce poor reasoning patterns because the student is not 
a llowed to examine and question his own reasonings. "To be 
helpful, a teaching program must s tren gthen those t endencies 
in all students and dis co urage unquestioning acceptance of 
poorly unde r s t ood p r inciples and procedures. 1144 
In the Learning Cycle the concepts are presented in 
three phases : the exploration of the concept, the introduc-
tion of the concept, a nd the application of the concept to 
another s ituation. 
The students, in the exploration phase , manipulate new 
materials and ideas with little teacher guidance and expecta -
tions. They a re to learn through their own ac tion in new 
situations. "The new experience should raise questions that 
43 Robert Karplus, et.al . , op.cit, pp . 3-4 . 
44 Ibid. 
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they cannot answer with their accustomed patterns of reason-
ing. 
ful, 
Having made an effort that was not completely success-
45 
the students will be ready for self-regulation . 
The starting point is the teacher's isolation of an 
interesting concept or phenomena that is amiable to manipu-
lative description. With this isolation of the phenomena and 
concepts, the resources available and the state of prepared-
ness of the students will influence the types of choices that 
a teacher will make. 
The experiences and manipulation involved here will 
raise questions to which the students schemata is not accus-
tomed. The students in their laboratory groups should be 
encouraged to test their ideas against those of their peers. 
The instructor-student dialogue at this point is important. 
By careful use of questioning s tr ategies t he instructor can 
enc our age the s tu den t t o examine h is own thinkin g . "He 1 p in g 
students to learn to think about their own thinking is a 
major function of the instructor, if he wishes to encourage 
46 
the student along the path of self-regulation." "Students 
should be encouraged to develop as much of a new reasoning 
pattern as possible before it is explained to the class, but 
expecting students to introduce the complex ideas of modern 
science is unrealistic. 1147 
45 Karplus, op.cit., pp . 5-8. 
46 Ibid., p . 4. 
47 Ibid . 
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The second phase, Concept Introduction, deals with the 
introduction and explanation of the concept to the student as 
he tries to analyze the data gathered in the previous phase. 
The instructor uses many different teaching methodologies 
to lead the student to apply the new reasoning patterns to the 
previous exploratory experiences. The instructor here can 
use the textbook readings, audio-visual aids of various types, 
and questioning strategies to cause the student to perceive 
the concept. Karplus points out that the concepts and patterns 
which were experienced during the exploratory phase should 
48 
be referred to and used as a basis for the new developments. 
This cycle is closed in the application phase. During 
this phase the student is required to apply the reasoning 
pattern or concepts to additional examples. This application 
serves many purposes. It helps the student to reinforce, 
clarify, and enlarge on his understandings of the pattern 
within his mental structures. This affects a stabilizing 
influence preventing the reverting t o the concrete patterns 
in times of stress. The student, throught this stage, sees 
the reasoning patterns applied in many different situations. 
Secondly, the application phase allows the student who has 
had trouble relating to the teacher's introduction of the 
concept or to the experiences of the exploration phase addi-
tional time to self-regulate. 
48 Ibid. 
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Karplus sums up the Learning Cycle as such: explora-
tion is learning by discovery, the introduction of the con-
cept is learning by explanation, and the application of the 
49 
concept is learning by repetition and practice. Lincoln 
states in his summary of SOAR, "the problem must be realistic 
in the sense that the student has a real chance of grasping 
50 it and moving toward a solution. At the same time, "the 
problem must be so constructed that the solution cannot be 
accomplished by mere memorization but will require students 
to think for 51 themselves." 
ing: 
Vol. 
49 Ibid. 
50lbid. 
51 C. Eric Lincoln, "From Concrete to Abstract Reason-
SOAR Plots the Course, . Report on Teaching: Change, 
10, p. 27. 
S ample Selec tion 
CHAPTER III 
PROCEDURES 
The ma t e ri als d evelo ped for this study were evalua t e d 
using two n i nth grade physical science classes . The cri t e ri a 
for a st ud ent to be enrolled in these classes were to have 
ave r age t o a bove average reading and mathematics ski lls a long 
with presence of d esira co pursue hi s/h er ed u cation in the 
sc i ences bey ond that of t h e ma ndatory two-year requirement set 
by the s t ate of Ke ntucky . 
Students were p laced in t o a given section of the 
physical science c lasses on the b asi s of one or two e l ect i ve 
class choices . All stu dents have a similar mathemat i cs , 
science , and English b ackgro u nd. The mathematics classes in 
whi c h these st udents were enrolled were either Algebra I or 
Algebra II . There was approximately the same number of stu-
dents fro m each ma th course in eac h section of the physical 
sc i ence classes (eight in the con trol group and t2n in t h 2 
exp er imen t al gro up) . 
Test Instrument 
The test instrument c h osen for t h e evalu ation of the 
Learning Cy cles is th8 Pi aget i an Log i cal Operations Test 
(P .L.O.T . ), a tes t instrume~t whi ch was developed a nd va lid ated 
27 
28 
by John R. 
52 Staver and D. L. Gabel. This test is a video -
t a pad ve1sion of the l og ical t asks used in the clinical 
53 interviews of Piaget and Inhelder a nd those of Karplus a nd 
Lavanetti. 54 
P. L . 0 . T. measures student reasoning patterns in 
four major areas : 1) con servation of volume by liquid dis-
55 placement, 2) t he separation and control of variables, 
5 6 
3) combinat o ri a l thinkin g , a nd 4) proportional thought. 
These tasks were presen t ed by means of a videotaped 
presentation o f a ta sk with the students a nswerin g forced 
multiple choice questions. These questions cover three areas: 
the compr e h ension of content material, decision making about 
the task, and the reasoning used to make the choices . 
52 John Staver and Dorothy L. Gabel , "The Development 
and Construct Validation of a Group Administered Test of For-
mal Thou ght," Journal of Research in Science Teaching, Vol. 
16, July 19 79, p. 542 . 
53 Inhelder and Piaget develop ed the clinical t asks 
used in: Task #2 Separ ation and Control o f Variables, #3 
Combinatorial Analysis and a portion of Task #4 deal in g with 
indirect proportions. These were t aken by Staver Fro m: B. 
Inhelder and J. Piaget, The Growth of Logical Thinking From 
Childho od t o Adolesence: An Essay on the Co n s tructio n of 
Forma l Operational Structures , Bas ic Books, 1969. 
54Karp lu s and Lavanetti developed the clin i cal proce-
dures used to meas ur e : Task # 1 Conservation of Volume and 
direct proportion task of #4 . Taken by Staver f r om: Robert 
Karplus and C. Lavanetti, The Developmental Theo r y of P i aget: 
Formal Thought, San F r anc isco: J ohn Davidson Film Producers, 
1969. 
55This task is u sed t o asce rt a in wheth e r o r not the 
s tudent h as achieved concrete levels of thou gh t. 
56 Propo rtional t houg ht i s divided into direc t a nd in-
direct thought processes by the task given but i s combi ned 
when recorded as a score. 
29 
57 Staver states that his investigation shows this test 
instrument to be valid as an indicator of formal thought with 
and without inclusion of the content related questions . The 
questions are scored with the number correct recorded for each 
of the four individual areas and also as a total over the 
58 
whole battery. The higher the number of correct answers, the 
higher the degree of formal thought that is being displayed by 
the student. A low number of correct answers shows a lack of 
higher levels of thought. 
Evaluation Procedures 
A coin toss was used to designate one class as the 
experimental group and the other class as the control group. 
The experimental class received instruction using the Learn-
ing Cycles while the control group received instruction by 
using a more traditional method. During the treatment period, 
the two groups had covered materials using the same types of 
lo g ical thou ght. The laboratory opportunities offered to the 
control g roup included some of the laboratory materials used 
with the experimental group. 
Some variation in the content of the laboratory exer-
cises inherent in using a Learning Cycles approach was e vi-
dent as some of the experimental group students did not choose 
58 Staver and Gabel, op.cit. 
59 Ibid . 
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to use exactly the same laboratory conten t as the control 
group. The control group wa s taught u sing a textbook ass ign-
ment-lecture-discussion format, then the laboratory acitvity 
was presented. The st udent conduct ed the expe riment and then 
was required to make o b serva ti o ns by answering s p ecif ic 
questions. 
Th e conten t material covered by both groups was found 
to have some variation. The goal of the traditional method 
of teaching science is to teach compre h ensio n of content 
material through the use of the th o ught pr ocesses . The goal 
of the Learning Cycle is to dev e lop the thought pr ocess 
directly, while aiding in learning the conten t materials. 
The cont r ol group was g i ven the necessary information needed 
to aid, not hinder, the develop ment of the content concepts . 
These concepts req u ired the understanding and use of the same 
thought processes as u sed with the Learning Cycles. 
Both gro ups we re pretested with P.L.0.T. in mid-Octo-
b e r (1982) and posttested upon completion of the Le a rning 
Cycle in late January (1983) . 
Staver and Gabe1 59 state that learning effect was 
eviden t in test items one and two as a result of pretesting. 
But when the data were c o mpared for the e ntire batt e ry there 
was no evid ent learning effect fro m the pretesting. A time 
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interval of three months was allowed to lapse between the pre-
test and posttest in an attempt to negate so me of the learn-
ing effect. 
The pretest scores of each indiYidual test item and the 
total battery were analyzed by means of at-tes t and found to 
be equivalent in all areas except t wo portions of the Conser-
vation of Matter test item. The portions of the Conserva-
tion of Matter test item are not used to measure formal 
thought and, therefore, their equivalence is not necessitated 
for this study. With the degree of equivalence found among 
the groups based on the pretest scores, the recommendation of 
two statisticians of the Morehead State University Ma the-
matics Department was to choose an Analysis of Variance to 
test for significant difference between the pretest and 
60 posttest results. 
The pretest scores were ranked from the highest to 
lowest for each sample g roup. These groups were then divided 
into an upper and a lower half. This procedure was done to 
ascertain whether a portio n of a sample may have made signifi -
cant gains not evident by the total battery score. 
The data collected from each test item and from the 
entire batter y was compared for the whole and for each h a lf 
of the sample . 
60
suggestions were taken from: Dr. Kimberly Hawkins 
and Mr. Gordon Nolen, Lappin Hall, Morehead Sta t e Unive r sity . 
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The f-scores above the .OS level were used to reject 
the Nulihypothesis and to accep t the alternate hypothesis that 
there were significant gains (losses) made in the development 
of the concept that the posttest mean sco re was not part of 
the sample's pretest mean scores . 
1. 
2 . 
3. 
The following formulae were used to obtain the £ - score : 
zx 2 +v 2 - <I x1) 2 1 2 
+ 
Swg 2 
Nl 
= 
N - 2 
(..» )2 ~x ) 2 ~x )2 
1 
+ 
2 T 
Sag 2 
Nl N2 NT 
= 
k - 1 
2 
f =~ 
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2 Sag Among groups variance 
2 Swg - Within groups variance 
& 1 - Sum of all pretest scores 
L_X1
2 
- Sum of all the squares of all the pretest scores 
L_X 2 - Sum of the posttest scores 
~ x2 
2 
- Sum of the squares of the post test scores 
N 1 - Number of pretests in the sample 
N2 - Number of posttests in the sample 
k - Number of groups analyzed 61 
61 Clin t on L. Chase, Elementary Statistical Procedures, 
New York: MacGraw-Hill Book Company, 1976, pp . 178-179 . 
CHAPTER IV 
FINDINGS AND INTERPRETATIONS 
The data collected in the evaluation of the Learning 
Cycles were analyzed by means of an F-test for each item of 
the total battery: conservation of matter, control of vari-
ables, combinatorial thought, and proportional reas oning . 
The entire battery was then analyzed along with each of the 
listed components. The individual battery score for the pre -
test of each student was ranked from the highest to the lowest; 
this procedure in turn, was used to divide the total sample 
into two halves. The analysis of each segment of the test 
item was conducted for each half of the sample along with 
the total sample . The analysis was conducted on each half 
of the sample so that significant variances for a specific 
gro up might be detected, where it may be masked in the entire 
sample . An indicator of a successful Learning Cycle unit 
benefiting the student over the more traditional methodology 
would show no significant gains (at the .05 level) in the con -
trol and significant gains in the experimental sample. A 
significan t gain , both in the control sample and the experi-
mental sample, would cloud the interpretation in which some 
inferences woul d have to be d r awn from the variances of the 
among groups varia nce calculation. 
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Conservation of Ma tter 
Thi s i s a concr e te leve l r easoning ta s k a dd e d by 
Stave r to a id in assessment of co n c rece r easo ning patte r n s . 
This task i s no t part o f a ny tested Learning Cycle but is in-
cluded in this analysis a3 it i s a p a rt of the total b a ttery 
and offe r ed so me interesting o b servations. 
In this task the s tudent is conf ronted wi t h two i d en-
ti cal glass cyl ind e rs with the same l e vels of wat er in each 
cy linder. 
pr ese nted. 
There a re two c ylind ~ r s of diff e r en t masses a ls o 
The stud ~ nt is as ked to verify that t he levels of 
wate r are identical a nd that the cylinders have the same vol um e . 
He/s h e i s s h own t hat t he masses a r c diff e rent. One cylinder 
is lowered i n t o the glass c ylin d e r and th3 wate r level re-
sul ting i5- observed. Then , he/she is asked to suggest what 
the resulting wat e r level would b e if the second c ylind e r is 
lowered int o the o ther glass c ylind er . Aft e r maki ng the c h o i ce 
th ~ st ud en t i s allo we d to o b e rve th e water rise to th= same 
level as in che first cylinder . 
Significant gains (see T a ble 1 o n the nex t page) were 
found in the lower o n e h a l f of the cont r ol group, with a n£-
score of 3.80 L008 2 , which is s i g ni f i cant to the .OS level for 
1 and 22 d egrees of f r e~ d om . The upp ~ r one h alf and t h e total 
b atte ry were fo u n d not t o have s i gnificant gains o v ~ r the p re-
test scores. The exp ~rimen t a l group was fo und to have made 
gains of varying s igni ficance . The l o w~ r on~ h alf and th0 
total sampl e were fo und to h a v2 ma d e gains sign i f i can t to the 
.0 25 level and th e upp e r o n e h alf to t h e .005 leve l . 
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The claim is not made that the gains are credited to 
the Learning Cycles. It is felt that the students of both 
groups have the maturation necessary to handle this task 
but may not have had the necessary experience to draw upon. 
The students upon completion of P.L.O.T . were observed to 
discuss the results of the second cylinder's water level to a 
large degree with their classma t es. Staver says that this 
item has some learning effect evident in the posttest . The 
high degree of significance found in both samples could be 
attributed to learning effects due to the high degree of 
verbal interaction. (See Table 1.) 
Control of Variables 
The student is confronted with a vertical board with 
several horizontally hanging metallic rods of different 
shapes, diameters, and composition. They are asked to design 
an experiment to test various factors that will affect the 
bending of the rod, including, the placement of weights, the 
shapes, the composition, and the thickness of the rod. 
This item show~dsignificant gains (to the .05 level) 
for both the total sample of the control group and the total 
sample and the lower one half of the experimental group. The 
figures for the totals are not useful in evaluating the Learn-
ing Cycle against the more traditional methodology . The 
Learning Cycle was successful as evident by the significance 
of the amount of gain, but could not be assured of being more 
Table 1 
A Co mp a ri so n of Variances for 
Co n serva t ion of Ma t ter 
S ample Variance df 
Con trol Group 2 L o we r one half Sag 2 30 .3 7 5 Swg 6.299 2 4 L7 
l 
22 
Upp er h alf 2 1.0417 one Sag 2 Swg 3.632577 2 
l 
22 
To t a l Sample 2 10.0833 Sag 2 Swg 7 .1865956 
1 
46 
Exp e rimental Gro up 2 Lowe r one half SagL 100.03846 
Swg 3.455 1283 
l 
24 
Upper half 2 36.9546 o ne Sag 2 Swg 5.6733666 
1 
24 
Total Sample 2 129 . 3076 S a g L 5. 2 80002 Swg 
l 
so 
a c . omparison s ignifi ca'1t t o th e . OS level 
be . omparison signifi ca nt to the .0 2 5 level 
c c . ompari son s ignifican t to th e . 00 5 leve 1 
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F-value 
4.80 2008 2a 
. 28 6 7661 
1.4030 704 
L8.953 6 16b 
6.5136985 c 
2 4 . 490066b 
beneficial than the more traditional method used with the 
control sample. 
However, significant benefit s (to the .OS level) were 
fo und when comparing the lower halves of both samples. (see 
Table 2). This suggests that the lower level thinking popu-
3T 
Table 2 
A Comparison of the Variances of 
Control of Variables 
Sample Variance df F-value 
Control Group 2 Lower one half Sag 2 9.375 1 2.4099 Swg 3.8901545 22 
half 2 7.0414 1 1.9144478 Upper one Sag 2 Swg 3.6780318 22 
Total Sample 2 16.3332 1 4.2953404a Sag 2 Swg 3.8025391 46 
Experimental Group 2 6.154745a Lower one half Sag 2 25.999 1 Swg 4.2243665 24 
half 2 1.3846 1 .3423097 Upper one Sag 2 Swg 4.044875 24 
Total Sample 2 19.6923 1 4.045509a Sag 2 Swg 4.867694 50 
aComparison is significant to the .05 level 
lation will benefit to a higher degree from the Learning Cycle 
Approach. 
Also, it could be speculated that the success found in 
both total batteries could have been due to the control of 
variables being easily acquired through increased awareness . 
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Combinatorial Th o u ght 
The stud ents are pr ese nted with five bott les of colo r-
less liqu ids . Upon the mixing of a combination of the 
liquids a brown co lor appears , adding another causes the loss 
of the color . The s tudents a r e given question s analyzing 
their ability to search through dif fe ring comb inatio n s fo r 
the role of each solut ion in the gaining and loss of the 
colo ration. 
Table 3 , page 39 shows ther e we re not s ignific a nt gains 
made by any g r o up o n this i te m. Thi s denotes a fail ure of the 
Learning Cycles and the more tr a ditional methodology to cre -
a t e a ny b e neficial gains in this area with eithe r of the two 
test gro up s . It might infer that combin ato ri al thinking is a 
highly s tructured typ e of thoug h t and the s tudent s in the t est 
groups may not have had the necessary struct u re s to achieve 
a gain . 
Proportional Though t 
This item is divide d in t o direct an d indirect pr o per -
tions . Th e students o b se r ve two human car icatures , both are 
meas ur e d in terms of unit s of big p a p e r clip s. Then one , 
Mr . Sho rt, is meas ur e d in unit s o f smal l pap e r clips . The 
s tuden t is r equi r e d t o u se propo r tional reasoning t o deter -
mine th e len g th of the other fig ur e , Mr . Tall , i n t erms of 
s mall paper clip unit s . 
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Ta b le 3 
A Comp a ri so n of Variances fo r 
Combinatorial Thought 
Sample Varianc e df F-value 
Control Gro up 2 Lower one half Sag 2 2.666 7 1 .4687 141 Swg 5 . 790354 22 
half 2 20 .1667 2 . 4 762827 Upper o n e Sag 2 1 Swg 8.143409 22 
Total Sample 2 18. 7 5 1 2 . 3925104 Sag 2 Swg 7 .8369565 
Experimental Group 2 Lo we r one half Sag 2 13.8846 1 2 . 714279 Swg 5.1153916 24 
Upper half 2 . 153 7 1 .0255347 o ne Sag 2 Swg 6.0192375 24 
To tal Sample 2 5.5577 1 .895848 Sag 2 Swg 6 . 225386 so 
The second p ar t is a presen t ation of a lever with a ful -
crum i n its middle . Va r io u s weights are added a t differing 
lengt h s whe r e up o n the student is asked to give the distances 
from the f u lcum by the weights to the othe r side needed to 
balance the lever. Th e st udents are asked in the analys i s 
t o exp lain the mat hematical proces ses used to solve the 
q u es tio n s . 
A comp a ri so n of t h e lowe r hal ves of both samples ( see 
Tab le 4) showed very high degree of significance (to the . 01 
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level) in the ga ins made by the experimental group while no 
significance was fo und for the gains of the control group . 
The Learning Cycle was highly successful for those of the 
sample who scored low on the pretest total battery. 
The extremely low among-groups-variance in the uppe r one 
half of both groups could be inferred as due t o a large num-
ber of those students who were enrolled in Algebra II and who 
had some contact with ratios an d proportions taught through 
memorization of formulae. For example, a student in this 
group knew that subtraction and addition are not viable alter -
natives in answers and thus is able to eliminate choice in 
responses to positive answers . However, they might not total-
ly comprehend the usage but would score relatively higher due 
to the questi ons a n alyzing the r esponses . 
Total Battery 
The total battery scores (see Table 5) show a very signi -
ficant gain in variances in the lower half and total of the 
experimental sample. 
cant to the .01 level. 
These gains were found to be sig nifi-
The upper half of the experimental sam-
ple, even though not significant , has an among-groups-vari-
ance four times the size of the control groups among-groups-
variance. 
Additional Benefits 
Additional benefits from using the Learning Cycles, al-
though not measured in this study, were observed from the 
Tab le 4 
A Comparison of Variance of 
Proportional Thought 
Sample 
Control Group 
Lower one half 
Upper one half 
Total Sample 
Expe rimental Gro up 
Lower one half 
Upper one half 
Total Sample 
Variance 
2 6 .0 Sag 2 Swg 2.9090909 
2 
.0417 Sag 2 Swg 5.7689409 
2 2.5208 Sag 2 Swg 5.4990956 
2 24.03846 Sag 2 Swg 2.768208 
2 
.9615 Sag 2 Swg 5.5001 
2 17.3076 Sag 2 Swg 4.61846450 
df 
1 
22 
1 
22 
l 
46 
l 
24 
1 
24 
l 
50 
2
comparison significant to the .01 level 
41 
F-Value 
2 . 0625 
.0072283 
. 4 584026 
8 . 8006945a 
. 1748181 
3.747496 
ac tions of the s tud en t s who parti c ip a t ed in the expe rime ntal 
sample . 
The science classes became more open with student -
direc t ed rather than teacher-directed act i vities. The s tu-
dents bec ame mo re like t he model scienti s t as they ha d to 
define the problem, t o develop a model of solving it, a nd to 
analyze the pat tern s that have developed to form a concl usion . 
Table 5 
A Comparison of Variance for 
Total Battery 
Sample 
Control Group 
Lower one half 
Upper one half 
Total Sample 
Experimental Group 
Lower one half 
Upper one ha l f 
Total Sample 
Variance 
2 Sag 2 Swg 
2 Sag 2 Swg 
121. 5 
47.81003622 
16.666 
22 . 06036 
2 Sag 2 114.083 Swg 53 . 534436 
2 Sag 2 508 . 653 Swg 17.968 
2 Sag 2 64.654 Swg 23.012833 
2 Sag 2 467.999 Swg 33.42156 
df 
1 
22 
1 
22 
1 
46 
1 
24 
1 
24 
1 
50 
aComparison significant to the .01 level 
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F-value 
2.5412755 
.7554632 
2.1310209 
28.308826a 
2.80 94759 
14.002907a 
Also gains showing better cooperation within the exper-
imental group were observed as they appeared to work together 
more constructively after starting on the student-initiated 
applications of the concepts. 
CHAPTER V 
SUMMARY, CONCLUSIONS, IMPLICATIONS, RECOMMENDATIONS 
Summary 
~he following results were found in the process of 
evaluating the Learning Cycles. 
1. Conservation of Matter 
Significant gains, causing rejection of the null hypo-
thesis, were found in the entire sample of the experimental 
group, both in each half and the total sample and in the 
lower half of the control gorup. No direct claim is made of 
this gain resulting from the Learning Cycles. 
2. Control of Variables 
Significant gains were found in the entire sample of 
the experimental and control groups. The Learning Cycle was 
successful in causing a gain but could not be assessed as 
more favorable against the co ntrol group which also made signi-
ficant gains . 
The lower half of the experimental group made significant 
gains while the lower half of the control group did not make 
significant gains. The Learning Cycle appears beneficial 
with the lower half of the experimental population. 
3. Combinatorial Thought 
No significant gains were found in any of the tested 
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groups so the null hypothesis was accepted and the Learning 
Cycles apparently were not effective. 
4 . Proportional Thought 
A high de gree of significance was found in the lower 
one half of the experimental g roup and n o t with any o ther por-
tion of either sample. Again, it appears that the lower half 
o f the experimental group benefited by the Learning Cycle. 
5. Total Battery 
The Learning Cycles were found to have produced signi-
ficant ga ins in the entire sample and in the lower half of 
the experimental group. 
Conclusion 
This study indicates that, with the exception of the com-
binatorial thought tasks, the other three items and the total 
battery show the value of the Learning Cycles in promoting 
the necess a ry t y pe s of thought in the lower half of the experi-
men t a l group and in the total sample in three of the five areas . 
Imp licati ons 
The findings of thi s s tudy indicate that the Learning 
Cycles, with the exceptio n of those dealing with combinatorial 
th o u ght, s i gnificantly enhanced the development of formal 
thought in members of the exper imental group. These ac tiv i-
ties might be more beneficial if they were placed at the 
be g inning of a course of study before those skills were re-
quired to ga in acquisition of some content concept. 
Recommendations 
As a result of this study the following recommenda-
tions are offered: 
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1 . This study had to be confined to a student popu-
lation with average to above average academic achievement 
due to accessibility of the students to the researcher. This 
study seems to imply those students who are less successful 
in school and would be presumed to pretest lower on P.L.0.T. 
might benefit significantly from the Learning Cycles. A 
study would be in order to de t ermine the successfulness with 
a more heterogeneous population including lower achieving 
students . 
2. The success with the lower scorers on the pretest 
might infer that the Learning Cycles could be applied to a 
younger student population who might naturally exhibit lower 
levels of formal thought. A study is in order to determine 
the lowest level at which the Learning Cycles would be 
feasible. 
3. The findings of this study show the ineffectiveness 
of the Combinatorial Thought Learning Cycles. A study deter-
mining the prerequisite concepts needed by the student to be 
successful with this process may shed light on ways of re-
designing this Learning Cycle . 
App e ndix A 
Analysis of Equivalence of 
Pr e t es t Scores 
App e ndi x A 
An al y s is of Equ ivalen ce of Pr e t es t Sco r es 
Co n se r va tio n o f Ma tt e r 
Sampl e 
Lo we r Hal f 
Upp e r Half 
T o t al 
t-val u e 
1. 77 
a 2 .9 2 4b 
2 .61 2 
Con trol o f Va ri a b les 
S a mp le 
L o we r Half 
Up p e r Half 
T o t al 
t - valu e 
. 72 89 
1.3039 
. 500 
Co mb ina t o ri a l Tho u g h t 
S a mple 
Lowe r Half 
Up p er Half 
T o t a l 
t-va luc 
. 1 6 29 
.9 283 
.6945 
P ro p o r tio n a l T ho u g h t 
S amp le 
Lo we r Half 
Upp e r Half 
Tota l 
t - val u e 
. 6 3 30 
.9391 
• 9 90 7 
Total Ba tt er y 
Sample 
Lo we r Ha l f 
Upp e r Ha l f 
T o t al 
: signif icant to the . 01 leve l 
Si g n ifican t to the .OS level 
47 
t- val u e 
1. 42 2 
1. 2 7 5 
1. 11 
48 
T-Test for Analysis of Conse rvation of Matter Test Item 
Lower Ona Half 
Experimental Contcol 
X 
3 
3 
3 
4 
4 
3 
4 
3 
3 
3 
3 
l 
3 
L_x=40 
n=l 3 
2 
X X 
9 2 
9 3 
9 4 
16 3 
16 9 
9 5 
16 3 
9 2 
9 3 
9 5 
9 4 
1 7 
2----2. ~K=50 E~ =130 n=l2 
x=3 , 08 
of group va 2ianc e s 13 xl30 -(40) 1690 - 1600 
= 156 
3 0 72-2500 
132 
2 . Calculation of t-value 
90 
5 72 
132 
1. (Nl - l)S 1
2
+ (N 2 -1)s_/ 
N1+N 2-2 
12x.5769+llx4 . 333 
13+12-2 
54.586 
:o 
2 • 
= 2 . 3 7 
L3+12 
13xl2 
25 
= 156 = .o 160 
3. (Step 1 + Step 2) = L .37 x O .150 = .3792 
4 • Step 3 = .3792 . 6158 
5. ~l - x2 = 4.17 - 3 . 08 = 1.09 
L 
X 
4 
9 
16 
9 
81 
25 
9 
4 
9 
25 
16 
49 2 -Ex =256 
x=4.11 
.5 769 
= 4.333 
6.923+47 . 663 
23 
49 
6 • t = Step 5 _ 1.09 l 77 Step 4 - .6158 = . 
df = N 1 + N2 - 2 = 13 + 12 - 2 = 2 3 
T-Test for Analysis of Conservation of Matter Test Item 
Upper One Half 
Experimental Control 
2 2 
X X X X 
7 49 3 9 
3 9 9 81 
4 16 9 81 
7 49 9 81 
3 9 6 36 
4 16 9 81 
9 8 1 9 81 
9 81 9 81 
2 4 9 81 
8 64 9 81 
3 9 9 81 
4 16 9 81 
9 81 '[x=99 2 -2 ~x =855 Z::x=72 LX =484 N=l2 ~=8 . 2 5 
N=l3 ;-=5.538 
2 N L.X 
2 
- (}:X ) 2 13x484-(72) 2 6292-5184 1 10 8 
Sl 
1 X 7.10 = = = = 
N 1 (N 1-l ) 13 X 12 156 156 
N/i_X2 
2 
- crx2 )
2 l lx85 5-(99) 2 10260-9801 6159 2 
s2 = = = 3 . 48 
N2 (N 2- 1) 1 Z X 1 1 13L 132 
2 . Calculationof t-value 
1. 
2 2 (N 1-l)S 1 +(N 2-l)S 2 12x7.10+1lx3.48 85 . 20+38.Z8 
N1+N 2 -2 13+12-2 23 
1 2 3.48 
= 5.369 
23 
13+12 
2 • 0. 160 
3 . (Step l X St e p 2 ) = 5.369 X . 16 0 = . 8590 
4 . Step 3 = .8590 = .9 268 
5 . i°1 - x 2 = 8 . 2 5 -5 . 54 = 2 . 7 1 
6 . 
d f 
N 
13 
13 
2 6 
1. 
s 1 
t = SteE 5 = 2 . 7 l = 2 . 92.40 Step 4 . 9268 
= Nl + N - 2 =13+12 - 2 2 = 2 3 
T - Te st fo r Analy sis of Conse rvation of Matter Test It e m 
Total Sample 
l. 
= 
2 
Exp e r imental 
X 
40 
72 
Lx=lIT 
x =4 . 31 
Calc u lation 
2 
X 
130 
r 48 4 
f x 2 =6l4 
of group va riances 
(N1E_x 1 2 -(P{ )2 l.6x614-(11 2 ) 2 1 -
= 
N1 ( N1-l) 26 X l. 5 
N 2L.X 2 
2 
- tx ) 2 2 4 x l 111- (149) 2 2 
Control 
N X 
1 2 50 
12 99 
IT LX=l49 
x=6.21 
15964- 12544 
650 
2 
X 
2 56 
2 855 2.x = 11 11 
34 20 
= 
650 
= 
26664-2 2.2 01 4463 
50 
5 . 262 
s 2 = = = 8 . 085 
N2 (N 2-l) 26 
2 . Ca l c u lation o ft- val u e 
1. 
= 
2 . 2 6+24 so 
= . 080 
2 6 x2 4 6 2 4 
X 2 5 
2 6 + 2 4 ~ 2 
55 2 55 2 
317 . 505 
= --- = 6.615 
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3 . 
4 . 
5 . 
6 . 
df 
(St e p 1 X St e p 2 ) = 6.615 X .080 = . 5 2 9 2 
Step 3 .5 2 9 2 = . 72 75 
x l - x2 6. 2 1 - 4.31 = 1. 9 
Ste p 5 1.9 t = 
= 2 .61 2 
Ste p 4 . 7 2 75 
= N1+N 2 - 2 = 26+ 2 4 - 2 = 48 
T-T es t f o r Analy s i s of Con tr o l of Va ria bles Test I t e m 
Lo we r One Ha lf 
Ex p e r i me nt al Co n t r ol 
2 2 
X X X X 
6 36 5 2 5 
4 16 4 16 
5 25 7 49 
8 64 8 64 
6 36 7 49 
7 49 9 81 
8 64 7 49 
5 2 5 8 64 
10 100 7 49 
6 36 9 81 
7 49 9 8 1 
8 64 8 2 64 9 81 LX=BB LX =672 
Lx=89 rx 2 =645 N=l 2 -;_= 7 .33 
N=l3 -;_=6.85 
51 
Ca l c ul at i on of Gr o up Varia n ces 
2 2 13x645- ( 89 ) 2 8 3 8 5 - 7 9 2 1 4 6 4 L N 1z:x 1 O:x 1 ) 
Sl = = = 2 . 9 7 
N1 ( N1- l) 13 X 12 156 156 
N2tx2 
2 
- o :x1)2 l '.l x67 2 -(88) 2 80 64- 7744 3 20 2 
s 2 = = = 2 . 4 2 
N2 (N 2 - l) 12 X 1 1 13 2 13 2 
Calculation o ft-v a lue 
1. 
2 2 ( N1- l)S 1 +(N 2-t)S 2 12 x 2 .9 7+11 - 2.42 35.64+26.6 2 
= ------
N2+N 2 - 2 13 + 12 - 2 23 
6 2 .26 
= 2 . 71 
2 3 
= = . 16 0 
NlN2 12 x l3 156 
3. (Step 1 X Step 2) - 2 . 7 1 X . 160 = .4336 
4 . St e p 3 . 4336 . 6 585 
5 . xl - x2 = 7.33 - 6.85 =.48 
S t:e p 5 . 48 
6 . t = = = .7 2 89 
St e p 4 . 6585 
df = N1+N 2- 2 = 13+12-2 = 23 
T-Te s t f o r Analy s i s o f Co ntr o l o f Va r iables Tes t It e m 
Up p e r On e Half 
Ex p e rime nt al Co nt rol 
t. 2 
l{ X X X 
7 49 9 8 1 
9 81 5 25 
6 36 5 2 5 
8 64 6 36 
1 1 12 1 10 100 
9 81 8 64 
11 12 1 8 64 
7 49 10 100 
10 100 11 12 1 
9 81 8 64 
52 
53 
9 81 9 81 
13 169 10 2 10 0 12 2 144 '[x=99 LX =861 
-rx=l 2 1 LX ==1177 N=l2 x=8 . 2 5 
N=l3 x= 9 . 31 
1. Calc u la tion of Gr o up Variances 
2 2 13 xll 77 - (1 2 1) 2 2 N l 1 X l - (1: X l ) 1530 1 -146 4 1 66 0 
Sl = = = 4 . 2 3 
N1 (N 1-l) 13 X 1 2 156 156 
2 2 12x861 - (99) 2 2 N2'[x 2 -(LX 2 ) 10332 - 9801 531 
s 2 = = = = 4 . 02 
N2 (N 2 - l) lL X 11 132 13 2 
2 . Calculationof t-val u ~ 
= - ------- = ----- -= 
94 . 98 
= 4. 13 
2 3 
2 . Nl+N 2 2 5 
= = . 160 
NlN 2 15 6 
3. ( St e p 1 X St e p 2) = 4. 1 3 X . 160 = .660 8 
4 . St e p 3 .6608 - .81 29 
5. X 1 - x 2 9 . 31 -8. 2 5 = 1 . 0 6 
Step 5 1. 06 
6 . t = = = 1 . 30 3 9 
S te p 4 .81 2 9 
df = N1+N 2 - 2 = L S- 2 = 23 
t-Te s t Analy s is o f Con tr o l o f Variables Tes t Item 
Total Sample 
Ex p e riment a l Control 
X 
89 
1 2 1 
"[X=210 
N=26 
L 
X 
645 
1177 
'[X 2=18 22 
i=8 . 087 
1 . Calculationof Group Variance 
X 
88 
99 
LX=l87 
N=l4 
2 L 2 6xl822-( 2 10) 2 2 N(i..Xl -~l) 4 7372 
Sl = = 
N1 (N 1-1) 26 X L5 
3 272 5 . 0 34 650 = 
N L"f...x 2 
2 
- ~ ) 2 2 4 x l533-(187) 2 36792 2 2 
s2 = = = 
N2 (N 2- li 2 4 X L3 
1823 3.30 2 sTI = 
L. Calcu lation of t-value 
2 
X 
6 72 
861 
1:X2=1533 
x =7. 79 
- 44100 
= 
650 
- 3496 9 
5 5 2 
2 2 
1. (N 1-l)S 1 + (NL-l)S 2 2Sx5 . 034+ 2 3 x 3 . 30 2 
L • 
3 . 
N 1 + N2 - 2 2 6 + 2 4 - 2 
1 2 5.85 + 75.946 = 201. 796 = 4. 20 
48 48 
26 + L4 
26 X 24 
(Step 1 x St e p L) 
50 
624 
= • 080 
4 . 20 X . 080 - 0.336 
54 
4 . Step 3 = .336 = .5796 
6 • St e p 5 0.29 t = St e p 4 =.5796 = .500 
df = N 1 + N2 - L = 2 6 + 2 4 - 2 = 48 
t -Test Analy s is of Co mbinatorial 
Thought Test Item 
Up p ~ r One half 
Exp e rime ntal Co ntrol 
2 :L 
X X X X 
11 121 8 64 
11 121 4 16 
11 1 2 1 13 169 
8 64 10 100 
lL 144 13 169 
14 196 11 121 
9 81 9 81 
12 144 10 100 
16 2 56 14 196 
14 196 8 64 
14 196 12 144 
14 196 1 7 2 89 
8 
~X2= 
64 LX=l29 LX 2 =1513 
LX= 154 1900 N=12 X=l0.75 
N=13 X=ll.85 
1. Calculatio n of Group Variance 
2 :L (15 4) 2 2 3 7 16 2 N;'[Xl -~l) 13Xl900 - 24 700 -
s 1 
= = 
N1 (N 1-l) 13 X 12 156 
984 6.308 
156 
2 2 2 12 X 1513 (129) 2 18156 16641 Ni "i.Xl -~l) - -
s 2 = 
= 
N1 (N 1-l) 12 X 1 l 132 
55 
= 
15 1 5 132 = 11 . 478 
Calculation of t-value 
l . (N - l)S 1
2
+(N- l)S l 2 
Nl+N2 - 2. 
12 X 6.308 + 11 X 11.478 
2 5 - 2 
75 . 69 6 + 126.258 201 . 954 8 . 7 81 = 
2 3 
2. Nl+N L 2 5 
. 0160 = = 
NlN2 156 
3. (Step 1 X St e p 2) - 8 . 781 X .160 = 1 . 404 
4 . St e p 3 = l.404 = 1.185 
5. x 1 - X2 = 11 . 85 - 10. 75 = 1 . 1 
6 . t= Step 5 
Step 4 
1. 1 = . 9 2 83 
l. 18 5 
t - Te s t Analysis of Combinato rial 
Th o u g ht Test Item 
Lowe r One Half 
Experimental Control 
2 
X X X 
8 64 9 
11 12 1 10 
10 100 1 1 
6 36 10 
56 
2 
X 
81 
100 
12 1 
100 
8 64 5 2 5 
8 64 8 64 
9 81 10 100 
9 81 1 2 144 
8 64 13 169 
13 169 7 49 
11 121 8 64 
11 121 8 64 
10 LX=lU EXL=l081 
LX=l 22 2 
100 
I:X =1186 N=l 2 X=9.25 
l. 
Sl 
SL 
N 
1 3 
1 3 
26 
N=l3 X=9 . 385 
2 
2 
Calcul a t io n of Group Va riances 
= 
= 
N1LX 1 
2 
- ('EX1) 2 13 1186 (12 2 ) 2 15418- 14884 X -
= 
N1 (N 1-l) 1 3 X 1 2 156 
534 3.4 2 3 156 = 
N 2L.X2 
2 
-(~X2)2 12 X 1081 - (111)2 1 2 9 72 - 12321 
= = 
N2 (N 2 - l ) 1 2 X 11 132 
651 4.93 2 l 3 L = 
t-Tes t for Anal y s i s of Co mb ina t o r ial 
Th o ught Tes t It e m 
T o tal S a mp le 
Ex p e rime nt al 
X 
12 2 
1 54 
L'f..= 27 6 
x = 10 . 6 2 
l 
X 
1186 
1 9 0 0 
'[X 2=3086 
N 
1 2 
1 2 
:l 4 
Co n t r o l 
'L 
X X 
1 11 108 1 
1 2 9 . 1513 
LX= 2 40 Ex2 = L594 
x = 10 
57 
= 
= 
1. Calcu lation of Group Vari ances 
2 2 'l. 26 3086 (£7 6 /· 80 23 6 - 76176 
Sl 
N {'EX l - (EX l ) X -
= 
= = 
N
1
(N
1
-l) 2 6 X 25 650 
4060 6 . 24 6 650 = 
s 2 
2 N 1::x 2 - crx ) 2 2 5 X 2594 - (240) 2 64850-5 7600 
= L 1 L 
= 
N2 (N 2-1) 2 4 X 23 552 
7250 13 . 134 552 = 
2 . Ca l c u lation oft-value 
1. 
2. 
3 . 
4 . 
5 . 
6 . 
df 
458 . 23 
46 
Nl+N2 
= 
NlN2 
(Ste p 1 
Step 
Xl - X2 
t = Step 
Step 
26 + 24 
25 X 6 . 246 + l 3 X 13 . 134 
· 2 5 + 23 - 2 
= 9 .96 2 
50 
. 080 
= 
6L4 
X Ste p 2) = 9 . 962 X . 077 = . 79 69 
3 = . 7 96 9 = . 8927 
= 10.6 2 - 10 . 0 = .6 2 
5 . 6200 
4 . 89 2 7 
. 6945 
- 2 = 50 - 2 = 48 
58 
= 
X 
4 
3 
4 
4 
4 
5 
3 
7 
4 
4 
5 
6 
t-Test Analysis of Pr o portional 
Thought Tes t Item 
Lowe r One Half 
Ex p e rime ntal Contr o l 
2 
X X 
16 2 
9 4 
16 3 
16 4 
16 5 
2 5 4 
9 6 
49 6 
16 5 
16 7 
25 8 
2 
X 
4 
16 
9 
16 
2 5 
16 
36 
36 
2 5 
49 
64 
S6 6 36 
7 
2 49 tX=60 ~X
2
=332 
LX=60 LX =L98 N=l2 
N-13 X=4.61538 
Calculation of Group Variances 
~ N LX 2 -(tx ) 2 S = 1 1 1 12.332 - (60) 2 
N 1 (N 1- l) lL . 22 
13 . 1 2 
Calc u lation of t -t est 
384 
13 2 
156 
X=5 
2 .909 
= 1. 7 56 
ll X 2 . 909 + 12 X l . 7~6 
53.071 
2 3 
= 2 .307 
25 - 2 
59 
25 
= = . 16 
3. (Step 1 X Step 2) = 2.3 0 7 X.16 = .3691 2 
4. 
5 . Xl 
6 . t 
df = 
St e p 3 = .3591 2 = .60755 
- X2 = 
= Step 
Step 
25 - 2 = 
5 - 4.6154 = .3846 
5 . 3846 
. 6330 = 
4 . 60 75 5 
23 
t-Test Analysis of Pr o po rtiona l 
Thought Tes t Item 
Upp e r One Half 
Experimental Contr o l 
2 2 
X X X X 
4 16 6 36 
6 36 11 121 
10 100 4 16 
8 64 7 49 
5 25 4 16 
6 36 7 49 
4 16 1 l 121 
5 25 8 64 
7 49 5 25 
4 16 9 81 
11 121 l l 121 
7 49 10 "1. 100 
11 121 rx=TI rx =799 
rx=BB fX 2 =674 N=l2 x = 7. 7 5 
N=l3 X=6. 7 7 
1 . Calculation of Gr oup Va riances 
2 2 
(93) 2 Sl 2 Nl'E:Xl -([Xl) 12 . 799 939 = -
= = = 7 . 114 
N1 (N 1-l) 1"1. .11 13 2 
60 
S 2 = N2 x2
2
-( X2 )
2 13 . 674 - (88) 2 1018 
L ------- = ------- = 6 . 5 26 
1 2 • 1 1 13 2 
2 . Calculation of t-test 
'L 2 l . (N 1-l)S 1 +(N 2 - l)S 2 11 X 7.114 + 12 X6 . 5 2 6 
3 . 
4 . 
5. 
6. 
N=12 
N=l2 
N=2 4 
N1+N 2-2 2 3 
156 . 566 = 7.806 
23 
2 5 
= . 16 
(Step 1 X Ste p 2) = . 16 X 6. 80 7 = 1.0892 
St e p 3 1 . 089 2 = 1.0436 
x 1 - x2 = 7. 7 5 - 6 . 7 7 = . 98 
Step 5 .98 
. 9391 = = 
Step 4 1 . 0436 
t-Te s t Analysis of Pr o p ortio n al 
Th o ught Tes t It e m 
Total Samp le 
Co n trol Ex parimental 
LX=93 tx~=799 N=13 [X=60 
I:X=60 EX =332 N=l3 LX=88 
~X=153 ~X 2 =1131 N=26 EX=148 
X=6 . 375 X=5.69L 
'tXL=298 
"i.X~=6 74 
1-XL=97 2 
61 
1 . Calculation of Group Variances 
s 2 
1 
2 2 
= N1Ix1 -(tx2 ) L4 X 1531 - (153)
2 27144 - 23409 
N 1 (N 1-l) 
3 735 
= 6 . 77 
55 2 
24 X 2 3 55:l 
S 2 = N2~x2
2
-(LX 2 )
2 2 6 X 9 72 - ( 148) 2 25272 - 21904 
2 ------- = --------- = ------
2 6 X 2 5 
3368 
650 
= 5. 18 
2 . Calcul a tion oft - test 
(N 1- l)S 
2 2 23 1. l +(N 2-l )S 2 
= 
N1+N 2 - 2 
155.71 + 1L9.50 28 5 2 1 
= - --
48 48 
2 • Nl+N 2 50 
= . 0 8 
NlN l 624 
3. (Step 1 X Step 2) = 5.945 
4 . Step 3 = . 6 894 
5 . Xl - Xl = 6.375 - 5.692 -
6 . Step 5 .683 
. 990 7 = = 
St ep 4 . 190 2 
df = Nl + N2 - 2 = 48 
X 6. 77 
5.94 
X . 08 
.683 
650 
+ 25 X 5 . 18 
= 
48 
= .4 7528 
62 
t-Test fo r Analysis of Total 
Lower On e Half 
Experimental 
2 
X X X 
21 441 18 
21 441 21 
22 484 23 
2L 484 25 
22 484 26 
23 529 26 
24 5 76 26 
24 576 28 
25 625 28 
2 6 676 28 
26 6 76 29 
26 6 76 29 
29 2 841 'EX=30 7 LX=3U LX =7509 N=l2 
N=l3 X=23 . 92 
1. Calculation of Group Variances 
s 2 
1 
2 2 
= N{[Xl -~ l) 
896 
156 
N1 (N 1- l) 
= 5. 74 
13 X 7509 - (311) 2 
13 X 12 
Battery 
Co ntrol 
2 
X 
324 
441 
5 29 
625 
676 
676 
676 
78 4 
"/8 4 
784 
84 l 
841 
~X2=7981 
X=25 . 58 
9 761 7-96721 
156 
2 L 
S 2 2 = N 2 '[X 2 - ~ 2) 1~ X 7981 - (307) 2 95772-94249 
N2 (N 2-l) 
1523 
132 
11 .54 
12 X 11 13L 
6.3 
2 . Calculatio n oft - valu e 
2 2 2 
1. (N 1- l ) S 1 +(N -l)S 2 12 X 5 . 74 + 11 X 11 . 54 
= 
Nl + Nl - 2 13 + 1 2 - 2 
68 . 88 + 126 . 94 195.8 2 
= = 8.514 
23 23 
2 . Nl +N 2 13 + 
= 
1 2 
= 
25 
. 160 
NlN 2 13 X 1 2 156 
3 . (St e p 1 X Ste p 2) 1. 36 2 
4 . Ste p 3 = 1 . 362 = 1 . 16 7 
5 . Xl - x 2 2 5 . 58 - 23 . 9 2 = l. 66 
6 . t = St e p 5 1. 6 7 = 1 . 4 2 2 
St e p 4 1. 1167 
df = N 1 + N2 - 2 = 13 + 12 - 2 = 23 
t-Tes t f o r Analy s i s o f To t al Ba tt e ry 
Up p e r One Half 
X 
2 9 
2 9 
31 
31 
31 
33 
33 
33 
35 
35 
37 
38 
40 
c X=435 
N=l3 
Expe r i me nt a l 
2 
X 
8 41 
8 41 
961 
9 6 1 
9 61 
108 9 
108 9 
1089 
122 5 
122 5 
13 6 9 
1444 
1600 
i:.x 2 = 14 6 9 5 
X=33.46 
X 
2 9 
2 9 
31 
3 2 
3 3 
35 
3 7 
37 
39 
39 
41 
46 
L X=4 £8 
N=l 2 
Control 
2 
X 
8 41 
84 1 
96 1 
10 24 
10 8 9 
122 5 
1369 
1369 
15 21 
1521 
168 1 
2 116 
tx 2 = 15558 
x=35 . 67 
64 
s 2 
1 
L • 
1. 
2. 
3 . 
4 . 
5 . 
6 . 
df 
N IX 2 - ~ ) 2 1 1 1 
N l (N l -1) 
18 1.0 = 11 . 60 
1.56 
L 2 N 2tx 2 -( X 2 ) 
= ------
N2(N2-l.) 
351 2 = L6.61 
13 2 
Calculation of 
1.3 X 14695 - (435) 2 
13 X 12 
12 X 1.4448 - (428) 2 
12 X 11 
t -va l ue 
(Nl-l) Sl 2+(N2 -l)S 22 (lL X 1.1.60) + 
= 
Nl.+N 2-2 13 + 12 
139.2 + 2 9 2 . 71 431 . 91 
= 18 . 7 8 
23 23 
Nl+N 2 13 + 12 25 
= -= = . 1. 60 
NlN2 13 X 12 156 
65 
191035-189225 
156 
186696-183184 
------ ·= 
13L 
(1 1. X 36 . 61) 
= 
- 2 
(Step 1 X Step 2) = 18 . 7 8 X .160 = 3 . 005 
Step 3 3 . 005 = 1.. 733 
Xl - x2 = 35.67 - 33.46 = 2 . Ll 
t= Step 5 2 . 2 1 l . L 7 5 = = 
Step 4 1 . 733 
= Nl + N2 - 2 = 13 + 12 - 2 23 
N 
13 
13 
26 
t-Test for Analysis of To t al Battery 
Total Sample 
Ex p e rime ntal 
X 
311 
435 
LX=746 
x= 2 8.69 
l. 
X 
7 509 
14695 
rx 2= 222 04 
N 
12 
12 
24 
Co ntrol 
2 
X X 
307 7981 
4 28 15558 
LX= 735 rx 2=L 3539 
X= 30 . 63 
1. Calc u latio n of Group Variances 
s 2 
L 
1. • 
1. 
2 . 
2 2 
N l ·x 1 - ~xl) 
N
1
(N 1-l) 
20 788 
650 
31 . 98 
2 6 X 2220 4 - (746) 2 
2 6 X 25 
2 2 
= N2LX2 -~2) 24 X 235 39 - (735) 2 
N2 (N 2-l) 
247 1 1 
552 
= 44.77 
24 X 2 3 
Calculation of t - value 
2 ( N1-l)S 1 +(N 2- l)S 2 
2 25 X 31. 98 + 
= 
N1+N 2 - 2 2 6 + 24 
799 . 5 + 101.9 . 71 1829.2l 
= = 38 . 11 
48 48 
Nl+N 2 l. 4 + 26 50 
. 0 80 
N1N2 24 X 26 624 
23 
-
577304-556516 
650 
5 6 493 6-5 4022 5 
552 
X 44. 77 
2 
66 
67 
3 . (St ~ p 1 X Ste p 2 ) = 3 8. 11 X . 080 = 3.049 
4 • St e p 3 = 3 . 049 = 1 . 746 
5 . Xl - x2 = 30.63 - 2 8.69 = 1. 94 
6. t = S t~ p 5 1. 94 1 . 11 = 
S te p 4 1. 746 
d f = Nl + N2 - 2 = 2 6 + 2 4 - 2 = 48 
Appendix B 
Pi a getian Logical Operations Test 
by 
John R. Staver 
General Directions 
This is a test of certain und er standings , s kills and abilities 
tl,at you have gradually developed . Tl,e tota l nurr,ber of c o1·rect 
answers that you mark "·ill be your s core. wrong ans"·ers will 
n ot be counted against your score . r :--y to ans.,.·er all the questi ons . 
If a questior. se ems too hard , make t 11e best i;uess y ou can. 
use the special penc: : ~o mark your answers on the separate 
answer sheet. n o not ~ark on the test booklet. Each question 
h;;.s only one best answer. ¥.ark only one answer f o r each question . 
To c hanee an ans.,.er, erase your first m;;.rk co~~letely . Use the 
s cratch paper rrovided, 
Probleffi tasks for you to solve will be pr e£ented on tte 
television screen. l't'hen y ou are told to begin, wa tch the 
television s creen carefully . Then answer the questio~s in the 
booke lt connected with the demonstrated task, stop whe n you 
see the word •sTOP• belo111 the question yot.: have just answered. 
wait for further directions from the person giving the test. 
STOF. DO NOT TURN THE PAGE UNTIL YOU ARE TOLD TO, 
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Direction s , Part I - JV 
carefully watch the TV screen as U 1e problerr, task is presented . 
Tt1en read each question carefully and decide i.·hich one of t lie 
four possible answers i s the correct or best one . 
LOok on your answer sheet to :find the r o,: of boxes which has 
the se.me number as the quest i on . J:, this ro,: , mark the box 
hav ing the same letter as the ansi.·e r you have chosen. 
Exar.:ple 
A closec :figure having all four sides equal is a 
>.) triancl e 
B ) rectangl e 
C) square 
D) parallelogram 
T}1e correct answer t o this question i s lettered C , so you should 
mark box C i:f this question were on the test . 
STOP , DO NOT TURN THIS PAGE UN'!'IL YOU AP.E TOLD TO DO SO . 
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Part I 
Object l 
r; 
+ 
3 
1 
conta i ne r A 
5 
i 
.3 
l 
conta i ne r B 
71 
Ob ject 2 
1 . c ompare t he wat er levels i ff contai ners A and B be fore an ob ject is plac ed 
i nsi de eit her containe r , 
2 . 
B
A) highe r in A ) higher in B 
C) ~qual i n A and B 
D) not sure 
compare the size s (volume s ) 
A ) l i s larger 
B) 2 is larger 
C ) 1 and 2 are equal 
D ) not sure 
of ob j ec ts land 2. 
) . c ompa r e the we i gnts of ob j ects land 2 , 
A ) l is heav ie r 
B ) 2 i s heavier 
C) 1 and 2 are equal 
D) not s ure 
Go oa t o t he next page . 
Object l 
s 
+ 
3 
2 
con tainer A 
5 
f 
3 
2 
container B 
72 
Object 2 
~ . Object l is placed in c ontainer A, The water level is at J on the sca le 
of container A, Object 2 will be placed in container B, what will the 
water level be in container B with object 2 inside? 
A) lower t han J 
B) at J 
C) highe r than J 
D) not s ure 
5. Which state~ent be s t matches the reas on for y our answer to questi on , ? 
~ ) Object 2 will put more pressure on the water, It will push the 
water up f arther. I t i s heavier . 
B) Th e heavier object holds the water leve l down. It doesn 't let 
the water level r i s e a s much as t he lighter ob ject wh ich pushes it up . 
C) Both ob jects are the same size . The weight difference has no 
effect . 
D) I was not s ure . I guessed . 
6 . I magine both obJects are placed i n their containers . could t he water 
level in c ontain er B be higne r than the water level i n container A? 
A) Yes . Ob j ect 2 is heavier . It will put more pressure on the water. 
The wate r will rise higher . 
B) No . Bo th ob:ects a re t he same s ize. Thi s will cause tne water to 
rise equally in each c ontaine r. 
C) No , The heavie r ob ject will hold t he water level down . The l ighte r 
object pushes its water level higher . 
D) None of tne ab ove . 
Go on to t h e next page . 
Objec t l 
s 
f 
3 
2. 
c on ta i ne r A 
s 
f 
3 
c on tainer :s Obj ec t 2 
7. Imag ine b otn obje cts are placed in t hei r containe r s . c ould t he wa te r 
leve l in contain e r B be t he s a me as t he wat e r level iri"c'oritainer A ? 
A) Ye s. The objects are t he s a me s i ze, They will displa ce the s affie 
amourrt of wa ter . 
B) Ye s. The ob Jects are t he s a me size . Thei~ d iffer ent we i gh ts 
c omb i n e with t heir eq ual s ize t o cause an equal effec t . 
C) No , One obJec t is hea\·i e r . The ~.-e i gh t differer. ::e wil l c a use 
tne water levels t o be d iffere nt , 
D) None of t he above , 
8. Imagine b ot h boje c ts are pla c ed in t he ir containers . could t he water 
leve l in c ontai ner B be l ower than t he water l eve l in conta ine r A? 
A) Ye s. The heav i er ob j ect wil l hold the ~~ter level down. I t 
do e s n't l e t the wate r leve l r ise a s ffiuch a s t he lighter obj e c t 
which pushes it up . 
B) ~o . The size of t he ob j ects i s t he s arre . Thi s will caus e the 
water lev~l s to ri s e equall y . 
C) No , Th e heavier 6b ject will pus h t he water leve l i n c ontain e r A 
highe r t nan the water leve l i n con taine r B, 
D) Non e of t he above . 
stop . Do n ot go on until t old t o . 
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READ AND ANSWER THIS QUESTION ONLY. DO NOT REREAD OR CHAN~E ANS~'ERS TO 
EARLIER QUESTIONS AFTER YOU HAVE READ QUESTION 9 , 
9 . Why did the water level in container B r ise to the samr: point as t he 
water level in container A? 
B
A) The weight has nothing t o 0 1 with how high the water wil l rise. 
) The ~~ight and size combined thei r effects. 
C) The effect of t he different we i ghts was balanced by t he effect 
of the eaual site. 
D) Not sure: The water l evel should not be equal . 
STOF , THIS ISTRE Ef\1) OF PART l, DO N'OT TURN Tr.'E PAGE Al'm EE~IN PART Il 
UNTIL TOLD TO , DO NOT GO BACK Af\1) REREAD OR CH.ANGE ANSV."ERS TO EARlIER QUEST IONS . 
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extra thick 
square brass 
-=---~~;:a--~-=~ medium round brass 
thin r ourui steel 
thin r ound bra 
75 
l. ..3 '( .5 I, 
Front Yiew- r od cross sect i or 
b - brass 
s- steel 
10. ffow many different thicknesses do the rods have? 
A) all rods have the same thickness 
B) 2 
C) J 
D) 4 
enlarged 
11 . How many different cross s ectional shapes do the rods heve? 
:~ j 
C) 2 
D) all rods have the same cross sectional shape 
12. Row many different materials make up the rods? 
A ) all rods are made of the same material 
B) 2 
g~ l 
lJ. Where may weight be placed on the rods? 
A) at the end 
B) at the end and one other place 
C) at three places 
D) et any point along the length 
Go on to the nl!Xt page . 
thin round steel 
thin round 
extra thick 
square brass 
r ound brass 
76 
l 3 q 
1 
s C. Front View- r od cross section 
enlarged 
b-brass 
s- steel 
14 . Which aspects of the rods might affect the bending of the r ods? 
A) length at which wei5ht is placed 
B) thickness and mate rial 
C) cross sectional shape a.nd arr.ount of weight placed 
D) all of the above 
15. The material may affect the bending of tne r ods. Whicn rods could 
be used to show this? 
A) rods l and 2 
B) r od s 2 and 4 
C) r ods) and 5 
D) r od s ) and 4 
16 . ·.mien choice best explains tne reason- for your a ns wer to question 15 ? 
B
A) b otn rods should be "ade of steel 
) one r od should be steel , the othe r bras s , one thic k , the other thin. 
C) one r od should be brass, the othe r steel 
D) not sure and gue s sed 
17 . Rods 4 and 6 could be used to show bending due to , 
A) the c ~rr.bined effects of mate rial and thickness 
B) the effect of cross sectional shape 
c
0
) the effect of length 
) none of the above 
Co orr to the next page . 
extra thick 
square brasa 
medium round brass 
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1 3 6 fron t view- r od cross 
enlarged 
b - brass 
s ection 
0 s- steel 
18 . Which choice best ma tches the reason f o r your answer t o question 17? 
A) Rods 4 and 6 differed i n more than two ways 
B) Rod s 4 and 6 differed i n ffior e than two ways . Only tne difference 
i ~ one way is important . 
C) Rods 4 and 6 differed i n: more than t wo ways. Only the difference 
im two ways is i mpor tant . 
D) I was not sure , I guessed. 
19 , The thickness of the rods may affect the bending of the rods. How 
would you use the apparatu s to s how this? 
A) pick two r ods made o f the same material , thickn ess , and cross 
sectional shape . Adjust the rods to bP. the same l ength . Hang 
egual weights at tne sa~e length on each rod . 
B) pick two rods ffiade of different naterial and th i ckness, but tne 
saffie cross s ~cti0nal shape . Ad just tne rods to be the same l~ngth . 
na::g equal wei~nts at a diffe rent length on each one . 
C) Pic k :wo reds ffiade o f the sa~e material a na cross secti0nal srape 
but different thickness. Ad Just the r ods to be the sa~e length . 
Hang eq~al ~~ights at the same le~gth on each r od . 
D) None of the above . 
Go ore to the next r,age . 
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e xtra thick 
square brass 
=-----+-----~ medi um r ound b r ass 
ste el 
t h in r o und stee l 
l. 3 4 5 l. 
Fron t View- r od cross section 
enla r ged 
b - br a s s 
s - steel 
20 , Wh i c h statment bes t matches t he r eason f or your answer t o question 19? 
A) All propert i e s of t he r ods chos en mus t be equal except f or t he 
pr operty be ing t e s ted . 
B) At l east t wo pr opert i e s of the r ods s hould b e d ifferent t o test 
one of the pr opert ie s . 
C) The prope r ty be i ng t ested should be t he same i n both r ods. on e 
other property should be differen t . 
D) None of the above . 
21 , The amount of weight placed may aff e ct t ne amount of bending . How 
c ould you s how t h i s ? 
A) pick t wo rod s made a f t he same material , t h ickne ss , and c r oss 
sectional s hape , Ad just the rods t o be the same l ength , Hang 
a differen t amou!"lt of ~.eight at a diff erent l ength on e ach rod . 
B) Pick t wo r ods made up of the same mate r i a l , thickness , a nd cross 
s ect i onal shape. Adjust the r od s to be the s a me l ength . Hang 
a n equal amount of weight at t he s ame l ength on e ach r od . 
C) Pick two r od s ffiade of the same mater i al , thickness, and c r oss 
s ect i onal shape . Ad j ust the rods to be differen t in length . 
Hang an equal a-r.:iunt of \\•eight at a different l ength on each rod. 
D) Pick one rod and hang a weight at a certain length . Remove the 
weight . Hang a different a:nount of ;,.·eight at t h-:: same l ength . 
22 , Whi c h stat ement best matches the r e ason fo r your answe r t o q ue s tion 21 ? 
A) At least t wo pr operties of the r ods should be different . 
B) only the amount of ~.eight used on the t wo rods can be d iffe r ent. 
C) Equal weights at different leng t n s on the t wo r od s must be used , 
D) None of the above . 
STOP , TP.IS IS TH=: END OF PART II . DO NOT GO ON UNTIL YOU A~E TOLD TO . 
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PART III 
1 2 3 4 
Liquid 1 Liquid 2 Liquid) Liquid 4 Liquid g 
2), How marry bottles of liquid are there? 
A) 3 
B) 4 
C) 5 
D) None of tne above 
24 . What color i s the liquid in all bottles? 
A) red 
B ) blue 
C) green 
D) colorless 
25 , What color d oe s the mixture becorr.e when liquid fr om bottle •g• is added? 
A) brown 
B) deep blue 
C ) bright red 
D) bright green 
26 . How many different ways can the liquids from b ottles 1,2,),4 , g be mixed. 
The order in wh i ch the liquids f orm a mixture does not count as a 
different way . 
>. ) less than 5 
B) more tna.n 4 but l ess than 12 
C) more than 11 but less than 25 
D) crone of t he above 
27 . Is liquid from a particular bottle neces£ary to make t he color appear 
when the liq uids are mixed? 
A) yes , one part icular numbered bott le 
B) Yes, bottle •g~ 
C) No 
D) Not s ure . do not have enough information 
Go on to the n t xt page . 
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1 z 3 4 
Li quid 1 t i q uid 2 Liquid J Liquid 4 Liq uid g 
28 . Which s tatement best natch~~ y our r eas on fo r y our answe r to quest i on 27? 
A) one of the n umbe r ed liquid s wa s in t he c olored mixtur e . Li q ui d from 
t hat numbe r bottle i s nece ssary f or the color to appear . 
B) Liquid fr om bottle "g • was added . The col or appeared . Liquid from 
bo t tle "g " i s necessary f or the color to appear . 
C) Li q uid from bottle "g " was added , The colcr appeared once . The color 
did not appear once . ~ore i n f ormation i s needed . 
D) Liquid from bottle "g " wa s added . The c ol or did n.ot appear onc.:e . 
It cannot be necessary f or the c olor to a ppea r . 
29 , You have seen the liq ui ds being mixed . How would you make t he color 
appear again? 
A ) Beg i n mi xing t wo l i qu i d s i n an: unordered way . por exampl e, 
1+ 4 , 2 ♦~ , l ~ J . 2 +) 
B) Begin mi xing two liquids . One l i quid i s always "g ", f or exampl e , 
g + l, g t J , g + 2 , ~ t 4 
C) Begin mixing two liqu i ds i n. an unorde red way , Both liq uids are 
n umbered . f o r e xam?l e , l ◄ 4 , 2 1 J . 1 ♦ J 
D) Beg i n r,ixir..g two l1quld s t ogethe r . Both liquids are n umbe red . A 
certairr liquid is in every mixture , f or example , 1 -1 2 , 1 .- J , 1 .. 4 . 
JO . whi c h c hoi c e bes t mat ches the r e ason f or y our answer to questioa 29 ? 
A) Liquid g is/may be a neces sary component. The various combinations 
can be systematica lly tested and r e corde d . 
B) Liq ui d g i s not a ne cessar y c omponent . The va r i ous combin a t i ons can 
be sys tematically tested and reccrded . 
C) Liquid g i s /may be a necessary c om anen t . The sys t ematic s equence 
o f c omb i nations tested i s n ot impor tant . 
D) Liquid g is not a necessary c onponen.t . The sys t ematic s equence of 
c ombinations tested i s not important . 
Go o~ t o the next page . 
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1 2 3 4 ~ 
:.:.:_1,;i:: - Li..:_:.:.:..:. '=' .. : -... : ..: -: 
--~ .... ·- .., :.!q_~i.:! - ~::i_ui.:: g 
;l . su:::;:::is= :,· ::iu :1a·re ::iixea al.:. :r.e co:::o .:.r.at.:.Jr.s ::if :·No lici..i:is. :-r.e ::::i::-
nas ::o-:: ;.;::;::ea.rec . ·ma;; 'NOul'i you .::o r:e xt".' · 
~ ) ~tx ai.:. :he :icui~s. :! no :ol:ir accears . :r.er: reoeat :::ocoi::acions 
al.:-e ::i.u:r :ni :<e.i . · · · · 
3 ! ~e:ea: =ix.:.::~ :wo :iGu.:..::s i rr ~ari :us combina ti ; ::s . 
,; ; :,!i:< r:e.,, comoi::a:i::i::s : :: :i:; 1..J.i.:s. '.JO ::ot r.:ix all :'i·re :..:.G1..:i::.s yet. 
D) : ~ave li :-:::e Jr :-::o ic!ea ·.·,na,: : sho1..:ld co ~x-::. 
J2. i'/hic:-. choice best ::iatc::es -;;!1e reason :'or your :u:s'Ner co ques:ion. Jl':' 
A) Al: possi~le combina-::.:. ons :iave been ~ixed . ~~e : es:s sn:iuld ~e 
r e~eated . A ::iist~~e could ~ave ~een ::iace . 
B ) only one combi~ac:.on :-emai::s :o be :ested. :f ~o colo r a:cears, 
t he!'t. .:-eceat the :iroce~:Jre . ,\n error :::ould have ~een ::iade:· 
C ) So:r:e ot~.e:- combinations ::if liquic!s ::ave :iot :,·et been :e~-::ed. rnese 
should be :nixed be:':ir'!! all !'!.·re liouids are =i:<ed. 
D) I did :iot understand. r .guessed . · 
JJ. rmag:i!-..e you are :ni:ci:-:g liquids ":ogec:ier. ~he color ap;ear:-s :.n a ::iix-;:.ire. 
All combinatior:s have :io t ~eer. tested . ~hat wou~d you do ae x-:: ? 
A) S-top. 
B ) continue :nixing um:ested combi:racions. 
C) ae~eat combinations already tested 'Nh ich did :iot ~ive : he c olor. 
D) ~e~eat combi:tations already tested ·Nhich did :mt give ~he c olo:-. 
Also :-efeat: the combination ,..,hich did give ~he color. 
J4, ~ic~ choice ~est ~atches :he :-eason for your 3Z?S'Ner to question ,, ~ J.., . 
A) rhe c ol or apceared. The correct ~ixture ha s been found. ~~ere i s 
no r:-eason t~-con~inue. ?he orob lem has been sol7ec!. 
B) An ~rror :nay have ~een ~ace: The :escs shoulc! all be re~eated . 
Ar., 3rrors ..,il l be ~iscove:-'!!d . 
C) More than one ~ixture ::ii,?;!:t gi·re the color. rhe uni:es-:ec =o:r.i::.:.::a~io:-.s 
s hould be tested to fir.d oui: . 
D) r was ~ot sur'!!. I 6uessec. 
C~SK 1'0 3:: St.:RE: '!OU :fA'~ ANS'•.:;:i::;:; ~L::ST!ONS 2J-J4 3!?0,E ~o::!G JN :'0 :'r.3 
Nc::CT ?AG::. m-::.:~r y :m TU?.rr JV::?. :-~:s ?Av::: Atm :IBA.0 Ql2S::'!:JN J5 , J C :-ro~ :U: ?..:::A.:; 
OR :::HA:-:G:::: Mrs··r:::!S ro Al'~ ?R.:;"f !ut:SL"! ANS:·,::?.::D QL'=:S:':J:1s :N '?A?.:' ;: ::r ( 2J-;4 ; • 
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Thia aheet used to shield answers. 
1 2 3 4 
Liquid l Liquid 2 Lj qu id 3 I,iqu id 4 Liquid g 
c onsider t he :follo.,:ing data f or questions )5- 4 0 , 
All mixtur es of t wo liquids have been tested. They are 
colorless . 
~i >rt ure 
l -t J +g 
l ~ 2 t g 
l -t J t4+g 
l ♦ 2 ♦ g 
1~2t)t4-tg 
l-t2tJ+g 
l •: Jt4 
l + 4 + g 
Result 
color 
n o color 
n o color 
r,o color 
n o color 
c olor 
no color 
n o c ol or 
35. What can you concl ude about l iquid 4? 
A) It removes t he color when present in t he mixture . 
B ) It is neut ral and has n o e:f:fect. 
C) It is necessary for the c olor to appear. 
D) It is identical to liqui d 2, 
J 6 . Which choice matcnes the reason :for y our answer to question J57 
B
A) l•J, 1-+4, lt2~ J . 1+ 2 + J +4, and l+J._4 are all colorle s s. 
) 11 J g,is colored but l • J .. 4 +g is colorless . 
C) l ♦ J g is colored but l • 2 + J and 1 • J • 4 are colorless , 
D) None of t he above . 
J7 . What c an you conclude about liquid 2? 
B
A) I t rerr.oves the color wtten present 
) It is n eutral and has n o effect , 
C ) It is identical to liquid 4. 
D) None o:f the above, 
in the mixture, 
Jl:l . which c hoice best matche s the reason f or your answer t o que s ti on J7? 
A) l+ J • g and 1+ 2 ♦ ) • g are colored. l t 2 and 1+2+ J are c olorle ss . 
B ) l• 2 • J ~4 •g is colorless but l+ J+4 + g is c olorless. l -' J + g is 
c olored . 
C) l ♦ 2 1 J is colorless, l t 2 t- J +g i s colored . 1 • 2 + ) + 4 -t g i s 
colorless 
D) ~on e of the a~ove. 
Go on t o the next page. 
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1 2 3 4 
Liquid l Liquid 2 Liquid J Liquid 4 Liquid g 
c on.sider the followin~ data for Questi ons J5- 40 1 
All mixture s of t.,_-o liquids have been tested. They are col orless . 
rr.ixture Result 
l~J+ g color 
1+ 2 +) no color 
l + J .-Lttg n o c olor 
1 + 2 + g no color 
1+2..-J-+4 + g no color 
1-♦ 2 T ) -+ g color 
l + J + 4 n o color 
l + 4 +g no color 
)9. can the color be associated with a certain liquid? 
A) Yes, Liquid g. 
B) Yes, one particular n umbered liquid . 
C ) No , 
D) Ne ed more information. 
40 . Which choice best mat c hes the reason for your answer t o question J9? 
A) Liquid from bot tle g i s necessary f or t he color to appear , The 
c olor i s a ssociated with liquid g . 
B)Liquid from numbered bottle s is required f or the color to appear , 
The c ol or i s associated with liquid in a nu~bered bottle , 
C) The color is associated only with a particular mixture . It is n ot 
associated with any individual liquid . 
D) I was not s ure. 
S~OP. THIS IS THE END OF PART III, DO NOT GO ON UN1'IL TOlD TO . 
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PART IV 
r,,:eet f(.r . s hort 
41 . What is the relationship between the two paper clip chains? 
A) 5 small pape r c lips l aid end-to-end are the same length as J b ig paper clips laid end-to- end . 
B) J s:r.all pape r clips laid end-to-end are the s ame lene;th as 5 big 
paper clips laid end-to-end. 
C) the big and the small par er cl i ps are the same length . 
D) r;ot s ure . 
42 . Mr . Short is 6 big paper clips tall. Mr Tall le 9 b ig paper clips tall. 
Mr , Short is also 10 small paper clips t all. "'hat is ft'lr , Tall • s height 
i n small paper clips? 
~ ~ g 
C) 1 5 
D) 16 
4J , Which estimate i s most li~e the one y ou used to find t he answer i n 
question 42? 
AB ) Estimated guess ) addition and/or subtraction 
C) addition and/or subtracti on al ong with multiplicati on and/ or 
division 
D) multiplication and/or division 
STOP , DO NOT GO 0~ UN1'IL TOLD TO DO SO , 
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10 9 4 '.l i l 0. l 2 J ~ .5 6 .7 .8 .9 1 0 l 
44 . ~o weight is hung on. either side of the center poin t (fulcrum ) , What 
will be the positi on of the be am? 
A) The right end will tilt down. 
B) The beam will be balanced . 
C) The left end will tilt down , 
D) No t sure , 
45 , Weight is placed on one side of the beam , can you rebalance the beam? 
A) Yes , Add weight on the side opposite the first weight . 
B) Yes . Add weight on the same side as the first weight . 
C) NO, 
D) Not sure, 
46 . A 10 gram weight is placed at point 6 on the left s i de of the beam , 
How can t he beam be balanced? 
A) Hang a 6 gram weight a t point 10 on the righ t s ide of the beam , 
B) Frang a 10 gram weig ht at point 10 on the right s ide of the beam , 
C) Hang a 20 gram weigh t at point 6 on the righ t s i de of t he beam . 
D) Not s ure . 
47 . Which r eason best matche s the reason fo r your answer to question 467 
B
A) 10 X 6=6 X 10 . 
) Left side, 10 -t 6 = Right s ide , 
C) Lighter weight must be placed 
6 ~ 10 , 
far the r out from the cent er. 
D) None of t he above . 
48 . Arr 8 gram we i ght is placed at point 6 on the left s i de of the beHr, 
Where s hould y ou place 12 grarr.s of weight to balance the beam? 
:~ at J;'.l int 7 on the right ~ide at po int 4 on the righ t side 
C) at point 2 on the righ t side 
D ) at point 1 on the left s ide 
49 . Which reason best matches the reason for your answer to question 487 
A) 8 • 6 :: 14 , 2 +- X = 14 , X • 2 
B) 8 >C 6 .. 48 , 12 ic x· 48 , x· 4 . 
C) Heavie r weights must be placed closer to the center, 
D) None of the above. 
Go on to t he next page . 
:, 9 8 7 6 
. 
? 4 2 J 4 ? 6 7 8 9 10 11 
50 . A 4 gram -...•e ight i s placed at p oint 2 . A 6 gram weight is placed et 
po int 4. Botti weights are on t he left side of the beam. t.•here should 
you place an 8 gram weight on the right s ide to ba lance t ne beam? 
A) at point 2 
B ) at point 4 
C) at point 6 
D) at p oint 8 
51 . Which reason be s t matches t he reason f or y our answer to question 50 ? 
A) (4 x 2) t (6 x 4)= tlX, then x--4 . 
B) He avier weights must be placed closer 
c ) (4 ♦ 2)+ (6 + 4)=8'- x, then x=-4, 
D) None of the above. 
STOP. TJilS IS THE END OF THE TEST . 
to the cent er . 
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DIR£Ci!ONS FOR All~!NIST;:.;.ilO~ 
r:..oT is a fcur ;.ar-:. test "'r,ich meas:Jres the ?rese:nce of Piagetian mental sche!'!ia 
of iate concrete and f~rr.:a1 ore~ations. The schema are Cor.servatior. of Vol~~~ 
by Liquid Dis;:1a:e..,,er,t - Part I, Se;,~ration and Cootrol of Variables - Part 11. 
Com:ir,atorial A,a1ysis - ?art Ill, and Proportional iho"ght - Part IV. · 
Note: Instructions to be cead aloud to subjects are in capital letters. 
Instructions only for the exa~iner are in reguiar type. ' 
1. H~Ye st~der:ts sei:!e~ in the ex.a:-:-,in!t~or. r~o:T'-. After rna;.:.•;nc intr:Cuctory 
re-:-.a~i:.s, say: I WiLL NCW !iAN~ OUi ALL TES7!NG ~7E.F.!ALS. -DC r;cr CP£N 
Y:JJR iES, S:)OK..ET UN7IL TO;.D TO. YO.: S>iQULD EJ..:r. ~J.l'E A TES7 SDOKl.Ei, 
ANs.E, s,EET, ,2 LEAD FE~CJL. AND sc;:;.;cH FAPER. 
2. Cis~rib~te the test booklets, answer sheets, ?enci1s, and scratch paper. 
3. Have the stu~ents wTite their name at the ~P of the name grid and fill in 
the name grid. 
4. Say: OPEN YOUR TEST BOOKI.ET TO THE GENERAL DIRECTIONS AND READ THE~ 
SILENiLY WHILE I READ ALOUD. After· re•ding the dire:tions say: ARE 
THERE ANY QUESTIONS? 
S. Say: TURN TO THE NEXT PAGE AND READ THE DIRECTIONS FOR PARTS I - IV 
SILENTLY WHILE I RE~D ALOUD. After reading the directions say: ARE 
THERE A/;y QUESTIONS? 
6. Play the exar.:;le demonstration on the Tl' monitor and have the subjects 
answer the example question. · 
7. Say: REMEMEER, THIS IS AN UNTIHED TEST. WORK QUICKl.Y AND DO THE BEST 
YOU CAN. YOU ARE HOT PENALIZED FOR GUESSING. . 
8. Say: NOW YOU ARE RE~DY FOR PART I. CAREFULLY WA,C~ THE TV MONITOR AS 
THE PROBLE~ TASK IS PRESEN7ED. 
9. Pl!y the P•rt I task. Then say: T\JRN THE PAGE AN~ BEGIN. 
10. When all students have com;,leted questions l - 8, play the secon·d section 
of the task for Part I. Then say: TlJRN THE PAGE AND ANSW.R QUESTION 9, 
THEN STOP. 
11. When all students have answered question 9, play the Part II task on the 
TV rnor.itor. Then say: TURN THE PAGE AN~ BEGIN. STOP AT THE END OF PAni :1 
W"riEN YOU SEE THE WORD "STOP". 
12. When all stude.ots have finished Part II, play the .Part Ill task and say: 
,JRN THE Pl.GE At;C; BEGiN. STOP WHEN YOU HAVE COMFL::7ED PART III. 
13. When all studeots have finished Part Ill, ~lay the first section of P•rt :v 
or. the monitor, then say: TURN THE PAGE AN~ BEGIN. STOP ■HEN YOU SEE THE 
ltJRD '"STOP'". 
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14. W~er. 111 stu~e~ts have finished the first stc:ti0n cf Part IV, play t~e 
Usl for the se:::cnd pert of Part IV on the mi:.r1it0r, ttien say: i\Jill\ 'THE 
P~GE ~•C BEGIN. S~CP llhES !OU CO!(PLETE THE TEST. CLO~£ YOUR Ttsr 
S00'-1.CT WHE~ Flh!SHED. 
15. Eit.her ttillec:t all tut Nte:-1als fro.'TI stwdents u they finis!", ind dis~iss 
the"', .1n~hid1.1a11y, or h&ye 111 st;.iderits rer.-.air. seeited until the lu,t ,t .. ~e~: 
ccr-:~1etes the :ut. Ther. ccllect all materials at the s.aoe: time. 
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Appendix C 
The Number of Correct Responses 
Experimental Group 
The Number of Correct Responses 
Experimenta l Group 
Pretest 
Rank Ill 112 113 114 Total 
26 3 6 8 4 21 
25 3 4 11 3 21 
24 3 5 10 4 :a 
23 4 8 6 4 2L 
22 4 6 8 4 2Z 
21 3 7 8 5 23 
LO 4 8 9 3 24 
19 3 5 9 7 24 
18 3 10 8 4 25 
17 3 6 13 4 26 
16 3 7 11 5 26 
15 l 8 11 6 26 
14 3 9 10 7 29 
13 7 7 11 4 29 
12 3 9 11 6 29 
11 4 6 11 10 31 
10 7 8 8 8 31 
9 3 11 12 5 31 
8 4 9 14 6 33 
7 9 11 9 4 33 
6 9 7 12 5 33 
5 'L. 10 16 7 35 
4 8 9 14 4 35 
3 3 9 14 11 37 
2 4 13 14 7 38 
1 9 12 8 11 40 
a 
ranked according t o Pretes t Total Battery Score 
Ill Conservation of Matter fl 'I. Control of Variables 
113 Combinatorial Thought 114 Proportional Thought 
9 1 
9 2 
The Numbe r of Correct Responses 
Exp erime nta l Gr o up 
Posttest 
Rank Ul /1 l. 11 3 114 Total 
26 3 6 ll 8 28 
25 9 10 12 s 36 
l.4 9 8 1l. 5 34 
L3 4 12 6 4 :L6 
lL 5 I 8 8 L8 
2 1 9 10 14 6 39 
20 9 12 8 s 34 
19 4 8 11 5 28 
18 8 8 8 10 34 
17 9 10 15 10 44 
16 4 4 12 7 27 
15 J 9 12 6 30 
14 9 ll 12 6 38 
13 7 10 9 4 30 
12 9 ll 10 6 36 
11 8 8 14 9 39 
10 9 9 8 7 33 
9 9 11 13 4 37 
8 3 6 12 6 27 
7 9 13 8 7 37 
6 9 7 12 6 34 
s 9 10 13 8 40 
4 4 9 l l 6 30 
3 9 11 15 11 46 
l. 9 10 12 10 41 
l 9 12 15 10 46 
3 Ranked according to Pre test To t a l Battery Scores 
1/lConser vation of M.~t t er II 2 Control of Variables 
1/JCombinatoria l Thought #4 Proportional Thought 
Appendix D 
The Number of Correct Responses 
Control Group 
The Number of Correct Responses 
Contr ol Group 
Pre test 
Rank II 1 1/2 113 /14 Total 
'2.4 'L s 9 z 18 
23 3 4 10 4 21 
'2.2 4 7 11 3 23 
21 3 8 10 4 25 
20 9 ·; 5 s 26 
19 s 9 8 4 26 
18 3 7 10 6 26 
17 2 8 12 6 28 
16 3 7 13 3 28 
15 s 9 7 7 28 
14 4 9 8 8 29 
13 7 8 8 6 29 
12 3 9 8 6 29 
11 9 5 4 11 29 
10 9 5 13 4 31 
9 9 6 10 7 32 
8 6 10 13 4 33 
7 9 8 11 7 35 
6 9 8 9 11 37 
5 9 10 10 8 37 
4 9 11 14 5 39 
3 9 8 8 9 39 
2 9 9 12 11 41 
l 9 10 17 10 46 
Ranke d according t o Pre t est To t <tl Bat ter y 
111 Conservation o f Matter 112 Control of Variables 
1/3 Comb i natorial Though t #4 Proportional Thought 
94 
9 5 
The Number of Correct Responses 
Contro l Group 
Post t est 
Rank 11 1 112 IJ3 114 To t al 
24 1 4 8 4 7 
23 8 10 15 7 40 
Z2 4 4 7 8 23 
21 9 8 12 8 37 
LO 9 8 12 5 34 
19 9 10 9 6 34 
18 9 11 10 6 36 
17 7 10 6 4 27 
16 3 9 8 5 25 
15 3 9 10 4 26 
14 7 10 12 9 38 
13 8 10 10 6 34 
12 3 9 13 6 31 
11 9 7 11 9 36 
10 9 6 13 5 33 
9 8 8 13 7 35 
8 5 11 14 4 34 
7 9 10 15 6 40 
6 9 10 11 10 40 
5 9 10 10 8 37 
4 7 13 15 11 46 
3 9 9 8 9 35 
2 9 0 15 9 41 
1 9 10 13 8 40 
Ranked accord ing to Prete s t Total Batte ry scores 
Ill Conservation of Matter II 2 Control of Variables 
IJ3 Combinatorial Thought /14 Proportional Thought 
App e ndix E 
Ana ly s i s o f Va ria nc e of Pos tte s t 
Calculation of F t est o f Conservation of Matter 
Control Gr oup - Tot a l Group 
Scor e s 
N = '1.4 
Pre test 
50 
99 
I.X=l49 
2 X 
256 
r 855 
1:Xl =1111 
Post tes t 
77 
94 
L X=l71 
Swg2 = 1111 + 1363 ..f<149) 2 + ( 17l)C\+ 46 L 24 24 ::J 
2 Swg = 'l.474 - [925 .04166 + 1218.375] + 46 
2 Swg = 330 . 5834 + 46 
2 Swg = 7.1865956 
Sag 'l. 2143.4166 - (3'1.0/ 1 = -t 
48 
Sag 2 2143.4166 - 2133.333 1 = + 
Sag l 10 .0833 = 
F 10.0833 = 7. 186595 
F = 1 .4030704 
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2 X 
585 
778 
LX2=1363 
Scores 
N = 13 
Pretest 
21 
21 
22 
22 
22 
23 
24 
L4 
25 
L6 
26 
26 
29 
LX=3U 
Calculations of F t est of Total Battery 
Experimenta l Group - Lower one half 
2 2 X Posttest X 
441 28 784 
441 36 1296 
484 34 1156 
484 26 676 
484 28 784 
529 39 1521 
576 34 ll56 
5 76 28 784 
625 34 1156 
6 76 44 1936 
676 27 729 
676 30 900 
2 841 38 1444 l. X =7509 L. X=426 L.X2=14322 
Swg 'L 7509 + 14322 -Q:311/ + <4~~) ~ + 24 = 13 
Swg 2 [21831 - 7440 .0 769 + 13959 . 692] = 
Swg 2 [21831 21399 . 768 ] + 24 = 
Swg 2 = 431. 232 + 24 
Swg 2 = 17.968 
Sag 2 = 21399. 768 - (737/- l 26 + 
Sag 'L 
F = 
= 508.653 
508 . 653 
17 . 968 
F = L8.308826 
+ 24 
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Calculations of F test of Total Battery 
Experimental Group - Upper one half 
Scores 
N = 13 
Prete s t 
29 
29 
31 
31 
31 
33 
33 
33 
35 
35 
37 
38 
40 
LX=435 
'-Swg 
2 X 
841 
841 
961 
961 
961 
1089 
1089 
1089 
1225 
1225 
1369 
1444 
r 1600 
Ix'"=l4695 
L 
14695 +17842 _rc435) 
L l3 
Posttest 
30 
36 
39 
33 
37 
27 
37 
34 
40 
30 
46 
41 
46 
LX=476 
+ <
4
~~ ) ~+ 24 
Swg2 = 3l537 - (14555.769 + 17428.923) ~ 24 
Swg2 - (32537 - 31984.692) + 24 
2 Swg = 552 . 308 + 24 
2 Swg = 23 . 01 "1.833 
Sag2 = 31984.692 - (9~!) 2 + 1 
'2 Sag = 31984 . 692 - 31920.038 + 1 
2 Sag = 64.654 
64 .654 
F 23 .012833 
F = 2.8094759 
2 X 
900 
1296 
1521 
1089, 
1369 
729 
1369 
1156 
1600 
900 
:21 16 
1681 
. 2116 
Ix2=17842 
q9 
Calculation of F test of Conservation of Matte r 
Experimental Gr oup - Total Gr oup 
Scores 
N = 26 
Pre test 
40 
72 
zX=ll2 
Swg 2 = 
x2 
130 
484 ~ X2=614 
1580 + 614 ~ 11:0
2 
- 26 + 
Post test 
91 
103 
LX=l94 
2 
(l;:) J~ 50 
Swg 2 2. 194 - [482.46153 + 1447 . 5384] ~ 50 = 
Swg "L. [2194 + 1929 . 999] + 50 = 
Swg 2 264.0001 + 50 = 
Swg L 5. 280002 = 
Sag 2 1929 . 999 (306 / ... l = 52 • 
Sag 2 1929.999 1800 .6923 + 1 = = 
F 129.3076 5. '..!80002 
F = 'L.4 . 490066 
x2 
713 
867 
1 X2=1580 
10 0 
Calculations of F test of Total Battery 
Experimental Group - Total Group 
Scores 
N = 26 
Pretest 
435 
311 
lX=746 
2 Swg 
x2 
14695 
7509 
Ix2=22204 
Post test 
476 
426 
1X=902 
Swg2 = 54368 - (21404.461 + 31292 . 461] ~ 50 
Swg2 = [54368 - 52696/922] ~ 50 
2 Swg = 1671.078 ~ 50 
2 Swg = 33 .42156 
l (1648) 2 Sag = 52696 . 922 - 52 ~ 1 
2 Sag = 52696 . 922 - 52228.923 + 1 
2 Sag = 46 7. 999 
F = 467.999 
33 . 42156 
F = 14.002907 
x2 
17842 
14322 
'E.X2=32164 
10 1 
Calculations of F t es t of To tal Battery 
Control Gr oup - Total Sample 
Scores 
N = 24 
Pretest 
428 
307 
tx=735 
2 Swg = 
2 X 
15558 
7981 
L XL=23549 
23539 + L8703 -G(7~~) 2 + 
Post t est 
448 
361 
L X=809 
2 
<
3
~:) j ~ 46 
Swg L 5'2.242 - (22509 . 375 + 27270 .041) ~ 46 = 
Swg 2 (52242 - 49779 . 416 ) = 
Swg l. 246 2. .584 + 46 = 
Swg 2 = 53.534434 
Sag L. = 49779.416 
Sag 2 = 114.083 
114 .083 
F =53_534434 
F = L . 1310209 
( 1544/ 
- 48 
~ 46 
+ 1 
X 'l. 
16918 
11785 
'l.X2=28703 
10 2 
10 3 
Calculations o f F test of Total Battery 
Control Gr oup - Lower one half 
Scores 
N = lL 
Pretest x2 Post test x2 
18 3l4 7 49 
21 441 40 1600 
23 529 23 529 
25 625 37 1369 
26 676 34 1156 
26 676 34 1156 
26 6 76 36 1296 
28 784 21 729 
28 784 25 625 
'..!8 784 26 676 
29 841 38 1444 
29 2 84 1 34 1156 1:X=307 Ix =7981 ~X=361 L x2=11785 
Swg L =7981 + 11785 - [ (307/ + (361) 
2} · 22 12 u . 
Swg 2 19766 - [7854 .0833 + 10860 .083 ] + 22 = 
Swg 2 [19766 - 18714.166] + 22 = 
Swg 2 1051.834 ~ 22 
Swg 2 = 47.810636 
Sag 2 18714 . 166 - (668)£ l = 24 + 
Sag 2 18714 .166 - 18592 .666 + 1 = 
Sag 2 121. 5 
121. 5 
F -47.810636 
F = 2 . 5412755 
Calculations of F test of Total Battery 
Control Gr oup - Upper one half 
Scores 
N = 12 
Pretest x2 Posttest 
29 841 31 
29 841 36 
31 961 33 
32 1024 35 
33 1089 34 
35 1225 40 
37 1369 40 
37 1369 37 
39 1521 46 
39 1521 35 
41 1681 41 
46 £116 40 
LX=428 L x2=15558 1 X=448 
SwgL = 15558 + 16918 -~4~~) l + (4i~) 2jt 22 
Swgl = 3L476 - [15265.333 + 16725 .333) + 22 
Swg2 = 32476 - 31990 . 666 ~ 22 
2 Swg = 485 . 334 ~ 22 
L Swg = 22 .060636 
Sag2 = 31990.666 - 31974 .0 ~ 1 
l Sag = 16.666 
16.666 
F =22 .060636 
F = . 7554632 
x2 
961 
1296 
1089 
1225 
1156 
1600 
1600 
1369 
2116 
1225 
1681 
1600 
'i..X2=16918 
10 4 
Calculations of F t est of Proportiona l Thought 
Experimental Group - Lowe r o~e half 
Scores 
N = 13 
Pretest 
3 
4 
4 
4 
5 
3 
7 
4 
4 
5 
6 
7 
4 
LX=60 
X '/. 
9 
16 
16 
16 
25 
9 
49 
16 
16 
25 
36 
49 
16 
IXL=298 
Post t es t 
5 
5 
4 
8 
6 
5 
5 
10 
10 
7 
6 
6 
8 
1 X=85 
'.l Swg = 899 - (176.92307 + 555 . 76923] + 24 
2 Swg = 899 - 832.6923 + 24 
2 Swg = 66 . 3077 + 24 
Swgl = 2 .76 '1.8208 
Sag2 = 832 .6923 - ( l~~) l + 1 
Sag2 = 83~. 6923 - 808 . 65384 ~ 1 
2 Sag = 24.03846 
24 . 03846 
F =2 . 7628208 
F = 8.7006945 
x 2 
25 
25 
16 
64 
36 
25 
25 
100 
100 
49 
36 
36 
2 64 LX =601 
10 6 
Calculations of F test of Conser vation of Matter 
Control Group - Lowe r one half 
Scores 
N = 12 
Pretes t x2 Posttes t 2 X 
l. 4 1 1 
3 9 8 64 
4 16 4 16 
3 9 9 81 
9 81 9 81 
5 25 9 81 
3 9 9 81 
2 4 7 49 
3 9 3 9 
5 25 3 9 
4 16 7 49 
7 49 8 64 
[X=50 f X2=256 L X=77 L x2=585 
Swg 2 = 585 + 256 _t(50) 2 + (77) ~ 22 12 12 -t 
Swg 2 = 841 - (208 .33333 + 494.08333] 22 + 
Swg 2 = 841 - 702 . 41666 + 22 
Swg 'L 138 . 58334 + 2 = 
Swg L 6 . 2992427 = 
Sag 2. 702.41666 - (l:o/ + 1 = 
24 
Sag l 702.4 1666 - 6 n. .04 166 + 1 = 
Sag l. 30.375 = 
30.375 
F = 6. l.992427 
F = 4. 8220082 
Calculations of F test of Conservation of Matter 
Experimental Gr oup - Lower one half 
Scores 
N = 13 
Pretest X 2 Post test 
3 9 3 
3 9 9 
3 9 9 
4 16 4 
4 16 5 
3 9 9 
3 9 4 
3 9 8 
3 9 9 
3 9 4 
l 1 9 
3 9 9 
IX=40 L X2=130 2.X=91 
Swg l 130 + 713 -[ (40) 
2 
+<i~) ~ + 1.4 = 13 
Swg 2 843 - (123.07692 + 637] = 
Swg 2 = 843 - 760.07692 -t 24 
Swg 2 = 82. . 92308 -t 24 
Swg 
)_ 
= 3.4551282 
Sag 
)_ 
760.0 l69L - (131)2 ... 1 = 26 . 
Sag 2 760 .07692 - 660 . 03846 = 
)_ 
Sag = 100 .03846 
F = 100.03846 
3.4551L83 
-t 
-t 24 
l 
x2 
9 
81 
81 
16 
25 
81 
16 
64 
81 
16 
81 
81 
1: x2=7TI 
107 
Calculations of F test of Conservation of Matter 
Control Group - Upper one half 
Scores 
N = U. 
Pretest 
3 
9 
9 
9 
6 
9 
9 
9 
9 
9 
9 
9 
LX=99 
2 X 
9 
81 
81 
81 
36 
81 
81 
81 
81 
81 
81 
81 
rx2=855 
2 2 
Swg 2 = 855 +788 _t(i~) + <i;) ]+ 
Swg 2 1633 - (816 .75 + 736.33333) = 
Swg 2 (1633 - 1553 .0833) + 22 = 
Swg 2 79 .916 7 + 22 = 
Swg 2 3 .6325772 
Sag 'L 1553 .0833 (193/ ... l 24 . 
Sag 2 1553 . 0833 1552.0416 + 1 = 
Sag 2 1.0417 = 
F 1.0417 3 .6325 772 
F = . 286766 1 
Posttest 
3 
9 
9 
8 
5 
9 
9 
9 
7 
9 
8 
9 
L.X=94 
n 
+ 2'1. 
x2 
9 
81 
81 
64 
25 
81 
81 
81 
49 
81 
64 
2 81 l.x =778 
108 
10 9 
Calculatioas of F test of Proportional Thought 
Control Group - Uppe r one half 
Scores 
N = l:l. 
Pretest x2 Pos ttest x2 
6 36 6 36 
11 121 9 81 
4 16 5 25 
7 49 7 49 
4 16 4 16 
7 29 6 36 
11 lL.l 10 100 
8 64 8 64 
5 25 11 121 
9 81 9 81 
11 121 9 81 
10 'L 100 8 2 64 
1.X=93 lX =799 lX=92 LX =754 
Swg L 799 +754 -[ (i~/ + (i~~ ~ 22 = 
Swg 2 1553 - [720. 75 + 705.33333) ~ 22 
Swg 2 [1553 - 1426.0833) -t 22 = 
Swg 2 126.9167 ~ 22 = 
Swg 2 5 . 7689409 
Sag 2 14L6.0833 - (185/ ... 1 24 . 
Sag 2 1426.0833 - 14'1.6.0416 ~ 1 
Sag L .041 7 = 
F 
.0417 
5.7689409 
F = .007 2283 
Calculations of F test o f Proportional Thought 
Exper imental Gr oup - Uppe r one half 
Scores 
N = 13 
Pretest 
4 
6 
10 
8 
5 
6 
4 
5 
7 
4 
11 
7 
11 
l..X-88 
'.l X 
16 
36 
100 
64 
25 
36 
16 
25 
49 
16 
12 l 
49 
121 
1X2=6 74 
Post te st 
4 
6 
9 
7 
4 
6 
7 
6 
8 
6 
10 
10 
10 
1X=93 
2 
= 674 + 719 -[<88) 2 + 2 Swg (93) 14 24 13 13 . 
Swg 2 
Swg 2 
Swg z 
Swg L. 
2 Sag 
= 
= 
= 
= 
2 Sag = 
2 Sag = 
1393 - (595. 6923 + 665.30769) 
[1393 - 1260 . 999] + 24 
132 .0001 + l.4 
5 . 50 
1260.999 - 1260 . 0384 + 1 
. 9615 
F = . 9615 
5 . 5001 
F = . 1748181 
-t 24 
2 X 
16 
36 
81 
49 
16 
36 
49 
36 
64 
36 
100 
100 
2 100 1.X =719 
110 
Scores 
N = 12 
Pretest 
2 
4 
3 
4 
5 
4 
6 
6 
5 
7 
8 
6 
LX=60 
Swg 'L = 
Swg 2 = 
Swg 2 = 
Swg 2 = 
Swg 2 = 
Sag 2 = 
Sag 'L = 
Sag l. = 
F 
Calculations of F test of Proportional Thought 
Control Group - Low~r one half 
xz 
4 
16 
9 
16 
25 
16 
36 
36 
25 
49 
64 
36 
1X2=332 
332 + 464 -[:(60) L. + (72/j 12 12 + 
796 [300 ,+ 432) -t 22 
796 - 732 + ZL 
64 -t 22 
Z. 9090909 
73't. -
(132)2 
1 + 24 
73L n.6 -t 1 
6 
6.0 
Post t est 
4 
7 
8 
8 
5 
6 
6 
4 
5 
4 
9 
6 
1X=72 
22 
2 X 
16 
49 
64 
64 
25 
36 
36 
16 
25 
16 
81 
2 36 LX =464 
2 . 9090909 
F = 2 . 0625 
11 1 
Calcula tions of F t es t o f Combiuatorial Thought 
Experim~ntal Group - Lowe r one half 
Scores 
N = 13 
Pre t ~st 
8 
11 
10 
6 
8 
8 
9 
9 
13 
11 
11 
10 
8 
L X=l22 
Swg 2 = 1186 + 
2 X 
64 
12 1 
100 
36 
64 
64 
81 
81 
169 
121 
121 
100 
2 64 LX =1186 
1611 -[ (141) 
2 
13 
Post t e st 
11 
1L 
12 
6 
8 
14 
8 
11 
8 
15 
12 
12 
12 
LX=l4l 
+~ ... 24 13 ' 
Swg 2 2797 - [1529 . 3076 + 1144 .923] -t 24 = 
Swg 2 
Swg 2 
Swg 2 
Sag 2 
Sag 2 
Sag 2 
F = 
2797 - 2674 . 2306 -t 24 
= l :lZ . 7694 ~ 24 
5 . 1153916 
= 2674.d06 - (263) '2. ~ 26 
= 2674 . 2306 
13 .8846 
13.8846 
5. 1153916 
- 2660 . 346 
F = 2 .714279 
1 
~ l 
2 X 
121 
144 
144 
36 
64 
196 
64 
121 
64 
l25 
144 
144 
2 144 L X =1611 
112 
113 
Calculations of F test of Comb inatorial Thought 
Control Group - Lower one half 
Scores 
N = 12 
Pretest x2 Posttest x2 
9 81 8 64 
10 100 15 225 
11 121 7 49 
10 100 12 144 
5 25 12 144 
8 64 9 81 
10 100 10 100 
12 144 6 36 
13 169 8 64 
7 49 10 100 
8 64 12 144 
8 64 10 100 
[X=lll rx2=1081 1X=ll9 1X2=125 l 
2 
-[ (111)2 + 2 Swg = 1081 + 1251 (119) j ... 22 12 12 . 
Swg '1. 233:L - (1026. 75 + 1180.0833] ~ 22 = 
Swg '1. (2332 + 2206 .0833] ~ 22 
Swg 2 lLS . 166 7 ~ 22 
Swg '2 = 5 . 6893954 
Sag 2 = 2206 .8333 - (230)
2 
24 -t l 
Sag L = 2206 . 8333 - 2204 .1666 -t 1 
Sag 2 = 2 .6667 
Z. 6667 
F = 5 . 6893954 
F = . 4687141 
Calculations of F t es t of Proportional Thought 
Control Group - To t al Sample 
Scor es 
N = 24 
Pre t es t 
93 
60 
I X=l53 
x2 
799 
332 2 -LX =:H31 
Swg 2 2349 - [975.375 + 1120.666) 
Swg 2 
Swg 2 
Sag L. 
Sa g 2 
Sag 2 
F = 
F 
252 .9584 -t- 46 
5.4990956 
= 2096.0416 -
= 2096 .0416 
= 2 .5:W8 
2 . 5208 
5 .4990956 
. 4584026 
(317)2 ~ 1 
48 . 
2093.5 208 ~ 1 
Post t est 
92 
72 
L X=l64 
~ 46 
x2 
754 
464 
[ X2=1218 
114 
Calculations of F test of Proportional Thought 
Experimental Group - Total Group 
Scores 
N = 26 
Pretest 
60 
88 
1 X=l48 
2 
X 
298 
2 674 1 X =972 
Posttest 
85 
93 
1X=l78 
Swg 2 97'1. + 1320 -E(l48/ + (178)21- 50 = 
'1. 6 26 ' 
Swg 2 2~92 - (842 . 46153 + 1218 . 6153] 
Swg 1. (2'1.92 - 2061.0768] -t 50 = 
Swg 1. 230.9232 -:- 50 = 
Swg z 4 . 618464 = 
Sag 2 2061.0768 - (326)'1. = 52 -t l 
Sag l. 2061.0 768 = 
Sag 2 17 . 3076 = 
F = 17 . 3076 
4.618464 
F = 3 . 7474796 
- 2043.7692 -t 1 
-t 50 
X 'l. 
601 
719 
I x2=1320 
115 
Calcula tions of F t es t of Combinatorial Thought 
Experimental Group - Uppe r one half 
Scores 
N = 13 
Pretest 
11 
11 
11 
8 
lL 
14 
9 
12 
16 
14 
14 
14 
8 
"[X=l54 
2 Swg 
x2 
121 
121 
121 
64 
144 
196 
81 
144 
256 
196 
196 
196 
64 
1x2=1900 
Post test 
9 
10 
14 
8 
13 
12 
8 
12 
13 
11 
15 
1:l 
15 
'[X=152 
2 Swg = 3746 - [1824.3076 + 1777 ,Z307] ~ 24 
2 Swg [3746 - 3601.5383] ~ 24 
Swg 
Swg 
Sag 
Sag 
Sag 
F = 
2 144 . 4617 ~ = 
L 
= 6.0192375 
L 3601 . 5383 -
2 3601. 5383 = 
2 
= .1537 
. 1537 
6.0192375 
F = .0255347 
24 
(306) 2 ... l 
26 . 
3601. 3846 ~ l 
l 
X 
81 
100 
196 
64 
169 
144 
64 
144 
169 
121 
2:l5 
144 
. 225 
t.X2=1846 
11 6 
Calculations of F test of Combinatorial Thought 
Control Group - Upper one half 
Scores 
N = 12 
Pretest 
8 
4 
13 
10 
13 
11 
9 
10 
14 
8 
12 
17 
'f X=lZ9 
Swg L = 1513 + 
x2 
64 
16 
169 
100 
169 
121 
81 
100 
196 
64 
144 
289 
1X2=15 13 
1953 -[<1~~) 2 + 
Po st test 
13 
11 
13 
13 
14 
15 
11 
10 
15 
8 
15 
13 
f X=l51 
2 
(151) 1·· 22 12 . 
Swg 2 = 3466 - (1386 . 75 + 1900 . 0833] -t 22 
Swg 2 
Swg L 
Swg 2 
Sag 2 
Sag 2 
Sag 2 
F = 
= [3466 - 3286.8333] + 22 
= 179.1667 ~ 1.2 
= 8 . 1429409 
= 3286 . 8333 - (280)
2 
24 -t l 
= 3L86.833 - 3266 . 666 ~ 
= 20.1667 
L0 . 1667 
8.1439409 
1 
F = 2.4762827 
'L X 
169 
121 
169 
169 
196 
225 
121 
100 
225 
64 
225 
169 
2X2=1953 
11 7 
Calculat ions of F t est of Combinatorial Thought 
Exp~rime,1tal Gr oup - Total Group 
Scores 
N = 26 
Pretest 
154 
122 
1X=276 
2 X 
1900 
1186 
[X2=3086 
Postt~st 
152 
141 
LX=293 
2 ~ 2 76) L (293) 2] Swg = 3086 + 3457 - =-----'-- + --=--:..........:.- 50 26 26 -t 
2 Swg = 6543 - [2929.8461 + 3301.8846] -t 50 
2 Swg = 6543 = 6231 . 7307 1' 50 
Swg2 = 311. 2693 1' 50 
2 Swg = 6. 225386 
Sag l. = 6231. 7303 - (569) 'l. + l 52 
Sag l = 62.31. 7307 -
Sag 'l. = 5 .5577 
5 . 55 77 
F =6 . 2'2.5386 
F = . 895848 
6226.173 1' 1 
x2 
1846 
1611 
LX2=3457 
118 
Calcul ations of F t est o f Comb inat orial Thought 
Control Gr oup - Tot a l Gr oup 
Scor e s 
N = 24 
Pretest 
111 
129 
1 X=240 
Swg l. 
Swg 2 
Swg 2 = 
Swg "1. 
Swg 2 = 
Sag 2 = 
Sag L. = 
Sag 2 = 
2 
X 
1081 
. 1513 ~ X2=2594 
2594 +3204 _l (240/ + 24 
5798 [ 2400 + 30 3 7 . 5 ] 
5798 - 5437. 5 -t 46 
360 . 5 -t 46 
7 .8369565 
5437 .5 - c510 / -t 1 48 
5437 . 5 5418 .75 -t 1 
18. 75 
F 18 . 75 7.8369565 
F "1., 39:t.5104 
Post t est 
119 
151 
'[ X=270 
'l 
(270) 1 .. 46 24 ' 
-t 46 
x2 
1251 
. 1953 
L x2=3204 
11 9 
Calculations of F test for Control of Variables 
Experimenta l Group - Lowe r one ha lf 
Scores 
N = 13 
Pre test 
6 
4 
5 
8 
6 
7 
8 
5 
10 
6 
7 
8 
9 
1X=89 
2 X 
36 
16 
25 
64 
36 
49 
64 
25 
100 
36 
49 
64 
. 81 
I XL=645 
Posttest 
6 
10 
8 
12 
7 
10 
1£ 
8 
8 
10 
4 
9 
11 
LX=llS 
Swg2 = 645 + 1083 -G<~;) 2 + (li;) 2J~ 24 
Swg2 = 1728 - [609.30769 + 1017 . 3076] ~ 24 
Swg L 1728 - 1626.6152 ~ "L.4 
Swg 2 101.3348 ~ = 
Swg 2 = 4. 2243666 
Sag 2 1626.6152 = 
Sag 2 1626.6152 = 
Sag '1. 25 . 9999 
_ 25.9999 
F -4. 2243666 
F = 6.154 745 
24 
(204/ 1 + 26 
1600.6153 + 1 
2 X 
36 
100 
64 
144 
49 
100 
144 
64 
64 
100 
16 
81 
121 
I. x2=1083 
12 0 
Calcul ations o f F t e st for Control o f Variable s 
Control Gr oup - Lower one half 
Scores 
N = l L 
Pre test 
5 
4 
7 
8 
7 
9 
7 
8 
7 
9 
9 
8 
lX=88 
x2 
25 
16 
49 
64 
49 
81 
49 
64 
49 
81 
81 
64 
L x2=6 72 
Post tes t 
4 
10 
4 
8 
8 
10 
11 
10 
9 
9 
10 
10 
~ X=l03 
SwgL 67L + 943 -t(~~)l + ( l~~) , 22 
2 Swg 1615 - [645 .33333 + 884.08333] ~ 22 
Swg2 = 1615 - 1529.4166 ~ 22 
l Swg = 85.5834 + 22 
i. Swg = 3.8901545 
2 (191) 2 Sag = 1529 . 4166 - 24 + 1 
2 Sag 1529.4166 1520.0416 + 1 
l. Sag 9.375 
9.375 
F = 3 . 8901545 
F = 2.4099 
xz 
16 
LOO 
16 
64 
64 
100 
121 
100 
81 
81 
100 
2 100 lX =943 
121 
Calculat i ons of F test fo r Control of Variables 
Control Gr oup - Upper one half 
Scores 
N = 12 
Pretest 
9 
5 
5 
6 
10 
8 
8 
10 
11 
8 
9 
10 
E X=99 
"L Swg 
x 2 
81 
25 
25 
36 
100 
64 
64 
100 
121 
64 
81 
100 
L X2=861 
Po s t t est 
9 
7 
6 
8 
11 
10 
10 
10 
13 
9 
9 
10 
1:.X=ll2 
Swg2 = 1943 - 816.75 + 1045.33333 + 22 
2 Swg 1943 - 1862.0833 + 22 
2 Swg = 80. 9167 + 2L 
2 Swg = 3 .6 780318 
2 
Sag2 = 816.75 + 1045.3333 - (2;!) + 1 
2 Sag = 1862 .083 - 1855 .0416 + 1 
2 Sag = 7.0414 
7.0414 
F = 3.6780318 
F = 1.9144478 
2 X 
81 
49 
36 
64 
121 
100 
100 
100 
169 
81 
81 
100 
I X2=1081 
12 2 
Calculations of F tes t for Control of Variables 
Experime ntal Gr oup - Upper one half 
Scores 
N = 13 
Pretest 
7 
9 
6 
8 
11 
9 
11 
7 
10 
9 
9 
13 
12 
1 X=l21 
2 Swg 
X 2 
49 
81 
36 
64 
121 
81 
121 
49 
100 
81 
81 
169 
2 144 1:.x =1177 
Post t e st 
10 
11 
8 
9 
11 
6 
13 
7 
10 
9 
11 
10 
12 
LX=127 
Swg 2 2464 - 1126.2307 + 1240.6923 + 24 = 
Swg L. 2464 - 2366 . 923 + 24 = 
Swg L 97.077 24 = + 
Swg 2 4.044875 = 
Sag2 = 2366.923 - (2~:)Z + l 
SagL = 2366 . 923 - 2365 . 5384 + 1 
2 Sag = 1 . 3846 
1.3846 
F = 4.044875 
F = .3423097 
x2 
100 
121 
64 
81 
121 
36 
169 
49 
100 
81 
121 
100 
144 
t. X2=1 287 
123 
Calculations of F test for Control of Variables 
Contro l Group - Total Group 
Scores 
N = 24 
Prete~t 
99 
88 
LX=l87 
Swg 'L = 1533 + 
x2 
861 
, 672 
1_X
2
=1533 
2 
L025 -21~~) + 
Posttes t 
11 2 
103 
L X=215 
(215) ~ 46 24 + 
Swg 2 3558 - (1457.0416 + 1926.0416] 46 = + 
Swg 2 3558 - 3383 .0832 + 46 = 
Swg 2 174.9168 ~ 
Swg 'L 3. 8025391 = 
2 3383.0832 Sag = 
Sag 2 3383 .0832 = 
Sag 2 16.3332 
16 . 3332 
F =3. 8025391 
F = 4.2953404 
46 
(402/ 
48 + 1 
3366 . 75 + 1 
x2 
1082 
2 943 
'[ X =20 :l5 
124 
Ca l culat i ons of F t es t fo r Control of Variable s 
Exper imental Group - Total Gr oup 
Scor es 
N = 52 
Pre t es t 
89 
121 
L.X=210 
2 X 
645 
1177 
I x2=1827 
Post t est 
115 
127 
tX=242 
2 Swg = 4192 [1696.1538 + 2251 .4615] + 50 
Swg 2 4192 - 3948.6153-:- 50 = 
Swg 2 243.3847 + 50 = 
Swg 2 = 4.86 7694 
Sag 2 3948.6153 - (452 ) 
2 
-:-
= 5L 
Sag l. 3948 .6153 = 
Sag 2 19.6923 = 
F = 19 .69 23 
4. 867694 
F = 4 .045509 
- 3928 . 923 
1 
-:- 1 
x2 
1083 
1287 
L x2= 2370 
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Calculations of F test of Conservation of Matte r 
Expe rimental Group - Upper one half 
Scores 
N = 13 
Pretest 
7 
3 
4 
7 
3 
4 
9 
9 
2 
8 
3 
4 
9 
L X=72 
2 
X 
49 
9 
16 
49 
9 
16 
81 
81 
4 
64 
9 
16 
81 ~ x2 =484 
Post t est 
7 
9 
8 
9 
9 
3 
9 
9 
9 
4 
9 
9 
9 
~X=l03 
Swg 2 = 484 + 867 {<?£)2 13 + (lOi;~-t 24 
Swg L 1351 + (398. 7623 - 816 . - 7692 ] 24 = -t 
Swg L (1351 - 1214 .8392] -t L4 = 
Swg 2 136 . 1608 t 24 = 
Swg 2 5 . 6733666 
Sag L 1214 . 8392 - (175/ ... l 26 . 
Sag 2 1214 . 8392 11 77 . 8846 -t 1 = 
Sag l 36.9546 = 
F = 36 . 9546 
5 . 6733666 
F = 6 .5136985 
x2 
49 
81 
64 
81 
81 
9 
81 
81 
81 
16 
81 
81 
81 
t..x2=867 
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App e ndix F 
The Learning Cycle for 
Control of Variables 
Activity Outline for Control of Variables 
E xplora t ion Phase - One class p erio d 
1 . The t each er sho uld c h eck to se e th a t the 
necessary lab o r a t o ry e quipme nt is available fo r the 
s tuden ts' us e . 
2 . The t eac h e r wi ll at the b eg inni n g of t h e 
class co n str u c t a p endu l um an d illu st r a t e one way 
to measure the period. (T h e teacher may s ugges t u sing 
the n u mber of s wing s per t hirty s~cond s , and multiplying 
that fig u re by two.) 
3. Th e st udent teams (two o r thr ee p eo p le) will 
then b e given access to the mat e ri a l s a nd asked to 
d es ign an experiment t o d ete rmine o n e factor that 
will affect the p e riod of the p e ndulum. Th ey a l so 
will b e given a co py of C. V. L a b. 1 . 
4. After t h e s tud e nts h ave h a d time to collect 
the ba sic eq u ipment and examine it , they a r e t o b e 
as k e d to s u ggest factors that may a ffect the p e riod. 
List these s ugge s tions on the b oard and stress that 
these a r e onl y s uggestions and that there may b e other 
p oss ibilities . 
5 . The t eac h e r in closing will t ell th e st udent s 
that they a re to b e thinking of running a "Fair Test." 
6. The s tudents then are allowed t o design and 
r un their exp e rimen t. As the y are exp er imenting, 
the teacher s hould help t h ose slower students get 
st arted. The other g r o up s , wh o a r e pro ceeding s u c -
cessf u lly will b e asked h o w they are running a " Fai r 
Test " to verify t h eir understanding. 
7 . If so me of the slower s t udents h ave troub le 
finis h ing , t e ll t h em , they will be allo we d to finish 
late r on . 
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Intr o ductio n P h a s e - One c l a ss p e rio d 
1. In a c l ass di sc u ss i o n , t h e t each e r will col l ec t 
resp on ses f r o m the s tudent s a s t o wh a t v a r iab l es th e y 
t e sted, a nd wha t type s o f r es u lt s the y a p p e ar t o b e 
ge t ti ng . 
2. Ca ll t o t h e a tt e nt io n of t h e c l as s th a t ma ny 
we r e n o t " control ling" a va ria b le in the i r exp e ri-
ment tha t s ome one e l se was t e s t ing . Tr y to g e t the m 
t o u n d ers t and t h e y d o n ' t kno w wha t va r i a ble cau se d 
t h e ir r es u lts , if they d idn ' t al lo w o nly o n e f a ct o r 
t o vary a nd co nt r ol th e o th e r s . 
3. Ass ign the In t e rme di a t e S c i e n ce Cu rri c u l um 
Study (ISCS ) mo d u l e " I nves tiga t ing Va riables " as a 
h a ndo u t. Af t e r c omp le t i ng t h is h a nd o u t , u s e o n e of 
the ex p e rime nt s a t the e ~d in a c l ass di s c u ssion . 
I f d e sir a b le , b o t h ca n b e u se d a s di s c u ss i o n ma t e -
ri a ls . The e ntire c l ass wil l give t h e t e ache r so me 
va ria b le s in t h e exp e rimen t to b e l i sted o n the c h a lk -
b oa r d. The class wi l l then t e l l h o w t h e y wo u ld 
de v e lo p co ntr o l s f o r t h a t ex p e rimen t. 
App licatio n - t wo o r more class p erio d s 
1. Any st ud e nt s who wi s h t o may rev i s e o r finis h 
the first lab o r atory exp e r ime n t . 
2 . The s t u d e nt s will h a v e a c h oice o f seve r al 
lab s t o pi c k o n e f r o m whi c h to co ndu ct . Th e y wi l l 
b e t o ld t o b e s ur e to d escrib e h ow they estab lis hed 
their co ntrols . 
3. La b o r a t or y Choices 
a . Th e 
t ur e o n 
f fects of Va ry i ng the Wa t e r Te mp era -
the Gill Move me nt s o f Go ldfi s h 
b . The amo unt of Sur face Ar ea o n t he T i me 
to Di sso lve a Magnes i um Ri bb o n. 
c . The ffec t s of Var i a tio n s i n Te mp era -
t ur e o n Disso l v ing Time o f Ma gnesium Rib -
b o n. 
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d . T h e ef f e c t s o f Var i a t i o n s o f Wat G r -
Acid Concentrations on the Dissolving Time 
of Magnesium Ribbon. 
e. Better s tudents can develo p their own 
experime nt s, but the procedures must be 
clear e d by the teacher b efore proc~eding. 
4. While the st udents a re working on their labs, 
t he te ac h e r s h o uld circ u late between group s , que stion-
i ng their attempts to cont r ol variables , and making 
s ugge s tions . 
5. All of t h ese expe rime nt s can b e mo difie d 
as a h ome work assignment and may b e given as an 
" extra credit" assignme nt at h o me . 
C . V . Lab . 1 
Problem: 
Purpose : 
The Pendulum 
What are the factors that affect the swing 
of a p e ndulum.? 
To d e t e rmine if a factor y o u have chosen 
will affect the rate a t which a p endulum 
will swing, a nd if it d oes in which ways . 
Material s : You will have access to Pendulum b o b s 
of different weights , several strings of 
different types an d lengths , meter sticks , 
and a clock with a second hand . You may 
a lso u se any othe r laboratory e qu ipment 
in the room wi th teac h e r p e rmis s ion . 
Proce dur e : (Describe completely how you cond u cted 
this experiment.) Hint: What did you 
meas ur e? How did you test the factor 
you c h ose? How were you s ure the factor 
caused the results? 
Results: 
1 . All math calculations s h o u l d be here . 
l. All d ata collect~d s h o u ld b e pl aced on a 
table . 
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3. The d a t a s ho u l d b e gr a ph e d i n a line to di scove r 
a ny re la ti o n s hip s th a t ~x i s t . 
Di sc us s i o n: Desc rib e wh a t your exp e rimen t s h o ws a nd 
why d o y o u think yo u g o t y o ur r es ult s as y o u 
did . 
Co nclusio n : Thi s i s a s h o rt s umma ry o f the find i ng s 
of the exp e riment . 
C . V. Lab 2 a 
Th ~ Effec t s of Va ryin g the Wa t e r T e mp e r a tur e 
o n Gil l Move me nts of Goldf i s h 
Pro blem: Ho w mi ght d i ffe rin g wa t e r temp e r a tur e a f fec t 
th e l ife pr ocesses of a Go l dfi s h ? 
Purpos e : T o s tudy the r ela tio n s hip b e twee n wa rmi n g 
o r c oo l ing wa t e r up o n th e r es pir at i o n r a t e of 
a Gol d f i s h a s measur e d by g i ll moveme nt s . 
Ma t e ri a l s : Yo u wil l h ave access t o a c l oc k wi t h 
a second hand, var i o u s typ es of g l ass j a r s , and 
b eake r s . Also, i ce c ub es , t e rmomete r s, alc o hol 
bur ners, and Go ldfish will b e availabl e to y o u . 
(If y o u c hoose thi s exp e rime nt cons ult y o ur 
t eac h e r as to the pro p e r wa y s t o h a ndl e the 
fi s h. I f y o ur fis h a pp e ar s to b e h a rm e d , s t o p 
imme d ia t ~ly and ge t the t eac h e r' s h e lp . ) 
P r oce dur e : Desc r i b e in comple t e de t a i l h o w y o u condu c t e d 
thi s exp e r i me nt. Use y o ur meas u reme nt s , temp er -
a tur es , a mo unt s of wace r, e t c ., also . 
Res u lt s : 
1. Sho w a ll y o ur ma th ca l c u la t ions . 
2 . Pl ace d a t a i n a tab le as s ugges t e d on the 
nex t p age. 
3. Gr a ph y o u r d a t a u s ing a l i n e gr a ph , aga i n 
a s s ugge st e d o n the next p a g e . 
Water 
Temp e rat ur e 
co 
Di sc u ssion: 
Co ncl u sion: 
C . V. Lab 2 b 
Numb e r of Gill 
Moveme nt s p e r 
Min u te 
Numb e r of 
Gi l l 
Moveme nts 
P er minut e 
Wat e r Temp eratur e 
co 
Wha t d oes yo ur exp eriment s h o w? 
Give a short s ummary of y o ur fin d ings , 
Time t o Complete A Che mical Reac t ion 
Va r ia tio n s in Acid-Wat e r Concen trations 
Problem: Do e~ the amo unt of wat e r a dde d to an acid 
so lut ion d ete rmine the rate at whic h a Magnes ium 
ribbon will dissolve? If so , what is the re la -
tio n ship ? 
Hyp ot h esis : If the a mount of wa t e r a dde d to an ac id 
solu ti on is increa se d , t h en the time for t h e 
ribbon to d issolve will b e 
Materials : Yo u will h ave access to these p ieces of 
e qu ipment , o ther e quipmen t can b e reques t e d t hro u gh 
t h e teacher. Yo u will be a b le t o u se : a t es t 
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t ub e r ack with six test tub es , a gradu ated cyl inder , 
a c l oc k wit h a second hand, a dilut e d Hydro cloric 
aci d solutio n, and wate r. (If this is conducted 
at h ome , you may u se vinega r, instead of Hydro-
c l oric acid.) 
Proce dur e: Desc rib e h o w yo u ran the exp er ime n t in 
d e tail . You will b e req u ested to u se a t least 
fiv e dif fere nt combinat io n s . Ma k e s ur e y o u s h ow 
y o ur proce dure to prove that the d iffe r ences 
in concentration were cau sing the results to 
occur a s they d id. 
Res ult s : 
1. Show your math calculatio ns . 
2 . Place your results in a table. 
gested form b e low. 
See the s ug-
3. Graph your results u sing a line g r a ph. 
see the suggested form b elow . 
Again 
Amount o f Water Add e d 
(ml) 
Ave rage 
Time t o 
Di sso lve 
(S ec . ) 
1 I 
T i me t o Dissol v e 
(sac . ) 
Trial Number 
2 I 3 I Av erage 
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Di s cussion: 
data ? 
Amo unt o f wat e r a dde d (ml) 
What r e l a tio n s hips do you f ind in y o ur 
Co n c lusio n: Giv e a s h o rt s ummary o f y o ur wo rk. 
C. V. Lab Ld 
Time t o Co mpl e t e a Ch e mi cal Reaction 
Amount of Surf ace Ar ea 
Pr o blem: Do es the amount of s urf ace area det e rmine 
the ra t e at whi c h a Magnesium ribbon will dissolve ? 
If so , what is the relationship ? 
Hypothes is: If the a mount of s urf ace a r ea i s 
then the time for the ribb o n to dissolve will 
b e 
Materials : Yo u will have access to these piece s of 
e quipment, o the r pieces of ~quipme nt can b e 
reques t ed thr o ugh the teacher . Yo u will be a b le 
t o u se : a graduat e d c ylinder, a c l oc k wi t h a 
second h and, a test tube ra c k with six t es t tubes , 
a dilut e d Hydrochloric Acid so lutio n and wa t e r. 
(If this is conduct e d at h ome , you may u se vine -
gar, instead of Hydrochloric Acid.) 
Procedur e : D~sc ribe h o w y o u r a n the experimen t in 
d e t ail . Yo u will be req ues t e d t o u se at least 
five diff e r e nt a mo unt s o f s ur face area . Thi s 
is achieved by c u tting the ribbon exposing s ur-
face area on the sides at the cut . 
Ma ke sure you s h o w that the proced ur e you u se d 
gave the res ul ts you collec t e d an d not some o t h er 
factor . 
Res ult s : 
1 . Show your ~a th ca l c ul a ti ons . 
2 . Pl ace y o u r collecte d dat a in a table like 
the one s ugg~ste d b elo w. 
3. Graph y o ur r es u l t s u s i n g a line graph . 
see t h e s ugge s t e d form o n t h e next p age . 
Again 
Number of Pieces Time to Di ssolve 
(Sec .) 
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T i me to 
Dissolve 
(Sec .) 
Numb e r of Pieces 
Discussion : Descr ib e what your experime nt s h o ws an d why 
y o u think y o u got the res ult s as y o u d id. 
Concl u sion : Thi s i s a s h o rt s ummary of the findings 
of the exper iment . 
C. V. L a b 2c 
Time to Comp lete A Ch emical Reaction 
The Eff ects of Variation of Te mp e r at ure of So lution 
Problem: Does the t e mper a tu re of a n Acid-Water Sol u-
tion have an effect up on the rate at whi c h a 
Magnesium R i bbon will di ssolve? If so , what 
is that relatio n ship ? 
Hypothesis : If the t e mperat ur e of an acid-water 
solution is increase d, then the time f o r the 
ribbon to dissolve will 
Procedure : Describ e h o w you ran this ex p erimen t in 
d etail. Yo u are requested to use at l east five 
d ifferent te mp eratures . Ma ke sure you show y o ur 
p rocedure to p rove that the diff ere nces in tem-
peratur e we r e resp onsible for the data th a t yo u 
collected and not so me ot h e r fac t o r. 
Results : 
Show all your calcu lations and d ata in t h is 
section, along wi th p lacing yo u r data o n a table. 
Then you will g r a ph it u sing a line grap h to d e t ermine 
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any relationships th a t ma y exis t . There a r e s uggeste d 
for ms b elow for the gr a ph and the table . 
Water T emp. Tima to Dissolve (seconds) 
Tria l 1 Trial 2 Tr ial 3 Ave r age 
Average 
T i me t o 
Dissolve 
(sec . ) 
Temp e rat u re of Sol t ion 
Discussion: Explain why yo u t hink y o u got the result s 
you did . 
Conclu sions : Give a s h ort s ummary of yo ur findings . 
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Appendix G 
The Learning Cy c le for 
Combinatorial Thought 
Activity Ou tline for Combinatorial Thought 
Exploration Phase - first half of one class period 
1 . The teac h er sho uld c heck to see that the 
necessary mat e ri al is availa b l~ for the st udent to 
use . Thay will need six ca rbon atom models aad four-
teen hydrogen atom models. These each sho u l d have 
the correct si t es and angles for bonding. 
2 The t e acher will present t h e models to a 
gro up of two s tudents a nd as k them to arrange the 
models into a molecule u sing as many d ifferent arrange -
me nts as p oss ible. 
3. The st u dents sho uld b ecome fr u st rat e d up on 
exhau stin g all possible combinations using a linear 
ar rang ement of ca rbon atoms as a b ac kbone. Aft erwa rd s , 
ask them to examine d ifferent way s of connecting carbon 
atoms other than in a st r aight line. This will smoothly 
progress into the Introduction ph ase. 
Introduct ion Phase - second half of on e class p e riod 
1 . The teac h e r will receive al l responses possible 
from th e stud ents. Severa l st ude nts will be aske d 
to sketch their three dim e nsional dr awing on the chalk 
board of their stru ct ures . 
2 Student-teac h e r disc u ssion is then aimed 
at the styles of drawing s , their similarities and 
diff e rences , and wha t asp ects the ind ivid u als fo-
cused on . The n ee d for looking at all combinations 
is than introduced by the ceac h e r while relating to 
the linear carbon str u ctur e focus of the vas t majori c y 
of st udents . 
3 . The stude nt s are then allowed to fini s h the 
laboratory and the concept of an isomer is introduced 
using examples of the monosaccharide s ug ars - Fructos e , 
Galactose, an d Glucose. 
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Application Phase 
1. The students are then given a choice of working 
with a Geoboard or by using the electrical circuit 
boards. 
2. The electrical circuit boards are pieces 
of peg board with contact points on each hole. The 
contacts may or may not be connected. The students 
are to use pieces of wire to make connections on the 
top for the missing hidden contacts to complete a 
circuit and light the light bulb. 
3. The emphasis with the Geoboard·is to have 
the students look at possible comb.inations inside 
of larger structures as a source of additional figures. 
C.R. Lab 1 
Isomers 
Problem: How many possible structural combinations 
are there for the compound c6 H14 7 
Purpose: To construct all possible structures for 
C6Hl4" 
Procedure: Isomers are molecules that contain the same 
types of atoms and numbers of each, but are 
arranged differently. You will be given a set 
of the Carbon and Hydrogen atoms. You will 
be shown the surfaces at which they bond. Use 
all the atoms (six Carbon and fourteen Hydro-
gen) and bond them in as many ways as is pos-
sible. 
Results: 
Sketch your combinations below, indicating in 
some way the three dimensional structure of some parts. 
lgg 
Ma teri a l s : A se t o f mo l ec u lar mo d e l s wi th b o nd ing 
si t es l oca t e d o n each a t o m. 
Co n c l u sio n: Th e r e a r e------,,---=-- str u c tur al co m-
bina tions fo r t h e comp o und c6H 14 . 
C . R . L a b l.a 
Elec t rical Cir c uit s 
P ro b lem: Ho w many wi r ing comb ina tio n s will comple t e 
a n e le c trica l c ir c u i t 1 
Purp ose : T o d e t e rm ine how many comb ina t ions of wiring 
wil l co mpl e t e a circuit o n a ci r c uit b oa rd wit h 
h i dden wi r ing. 
Mci t e rials : Circ u i t b oa rd wit h hidde n wir es . 
P roce dure : Obt a in a d r y cel l b a tt e ry a nd several 
l eng t hs of wir e from t h e s t o r age a r ea . Att ac h 
the wires f r om t h e batte ry t o t h e d esignated 
pl aces on th e b oa r d . Use var io u s wiring comb ina-
tio n s b etwee n th e differe nt p a p er fas t ene r s. 
Try d iffe r e nt comb i n a t io n s unt i l th e light i s 
l it . Try t o d e t e rmi ne a l l p o ss i ble co mb ina tions 
that wil l compl e t e the c ir c ui t and l ight the 
light bu lb . 
Res u lt s : 
Sketch all yo u r " cor r ect " circu its b elow . 
Con~l u sion : Th e r e are 
that· will light up the 
se t s of co mb i nations 
circu i t b oar d . 
Ex tr a : Can yo u determine t h e h i dd en wiring p at t er n 1 
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C.R. L a b 2 b 
The Geo b oa rd 
Pro b le m: How many fig u res can b e constructed on 
a Geo b oard 1 
P urpose : To cons t ruct all the p ossib le geometric 
figures fro m a set of p egs and a geo b oa rd . 
Ma t er i al s: A sec t io n of peg board , and seve r al golf 
t ee pegs 
Proce du re : Yo u are t o design as many different 
typ es of geometric fig u res as possib le by wrap -
p ing a piece of strin g aro und golf tee pegs place d 
i n vario u s holes of a peg board . Yo u may u se 
as many or as few tees as necassary. Yo u may only 
co u nt a fig ur e with the same d imansio n s as one , 
eve n if several a r e possible . 
Res u l t s: 
Sketch yo u r fig u res here and label the sides in 
t ~rms of " between the holes units . " Remember 
y o u ca n o n ly u se one fig ur e wi th eac h measu r e -
me nt o n the s ides . 
Concl u sion : There were _ ___ ___ diff e rent figur e s 
tha t we found in using the G2oboard. 
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App endi x H 
The Lea rn ing Cy cle fo r 
Pr o p o rtional Tho ught 
Activity Outline for Pr o p ortional Reasoning 
Exploration Phase 
Students will b e given Lab 1 on Indirect Mea s uring an d 
allowed to proceed as far as possible with minimal 
teacher aid. 
Introduction Phase 
Students upon encountering pr o b lems wi ll b e given 
poles of vario u s h eights and asked to look for a r ela -
tions hip between t h eir heights a nd the lengt h of the 
shad o ws . 
Then in the classroom the teacher will list the 
heights o n the b oa rd in the form of a pr o portion u sing 
the measur emen ts. Then cross multiplying will b e 
discussed . 
After the class seems to understand the pr o p or-
tions u sing numbers, then s ymbols can be u se d fo r 
the heights and lengths of the shadows of the poles . 
Then the st ude nts next will b e asked to sub sti -
tute the height an d length of shadow of one pole into 
the e quation with the length of s had o w of the object 
to be measured. T hey then will solve for the unknown 
height. Sev e r al diff erent pole s ' heights an d s hado w 
lengt h s s hould b e u s2d . 
Ap pl ication Phase 
The students will have c hoice s from eac h of the 
follo wing groups . Each group is composed of s uc ces~ 
s iv e ly harder materials . If a student is having 
problems, additional work at th a t level will be s ug-
gested before going on . 
Level 1. These r e quir e little measurements ot h e r 
than the scales at whi ch they are dr awn . Th e Geologic 
Time scale req uires a b it mo r e math a bi lity . 
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D. R. Lab 2e Geolo g ic Time 
D. R . Lab 2d Planeta ry Diameters 
D. R. Lab 2c Astronomical Distances 
These all require sett i ng proportions before solving 
for the unknown scale di s t ance . 
Leve l 2. These will all require measurements and two will 
require the use of Scientific No t at i o n along wit h the p r o -
portions. These are listed second as problems with the 
scient ifi c notations and meas uremen t s may cloud the propor-
tions. 
D. R. Lab 2a Diamete r o f the Sun 
D. R . Lab 2 b Diameter of the Moon 
D. R. Lab 2f The Occur r ence of a Trai t Within a Population 
These stu dents will pick one of t he p r ev i ou s three 
assig nmen t s . The Diameter of the Moon may be assigned as a 
homework project. The Lab on Ch arles ' Law may be added to 
this g roup. Since this program is being tested in a Physical 
Science Class in which the curriculum requires cover i ng both 
Charles' and Boyle's Laws, it will be manda t ory for students 
to cover b o th . 
Level 3. D . R . Lab 2h Charles ' Law 
Level 4. I. R. Lab 1 Boy l e 's Law. The students should be 
allowed to go as far as possible without teacher interference 
in e n c ountering this inverse relationship. This will be 
manda tor y for a ll s tuden t s. A lengthy discussion should 
fol l ow studen t s ' firs t a ttempts a t comi ng to t erms wi th t his 
t ype of relationship. Thie d is cussion should center areoun 
g r aphed data. 
The equation : 8 1 L2 is reinforced a nd the studen ts 
= 
are 
Ll H2 
led to modify it to s how the inverse relationship: 
D. R. Lab 1 
Indirect Measur e men ts 
Probl e m: How can y o u d ete rmine the h eight of a building 
by measuring it s shad o w? 
Purpo se : T o d e t e rmine the height of a build i ng by 
u sing it s shadow a nd a se ries o f poles o f dif-
ferent lengths . 
Ma t e rials: Yo u will b e given a meterstick , diff e r e nt 
l e ng t h poles will b e place d vertically in the 
ground fo r y o ur u se . 
Procedure: Yo u will descr ibe how y o u co uld us e a 
pole pl ace d v e rtic a lly and the r es ulting s h a d ows 
cas t by the p o le and a building t o determine 
the h e ight o f th e building. 
Res u l ts: 
Show your measur e ments a nd all of your calc u-
lations u se d t o d e t e rmin e t h e height. 
Discussion: Describe how you derived your answe r 
and explain how you set up your e quations or 
calculations . 
Concl u s i on : The heig ht of th e bu ilding is 
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D. R. La b 2a 
Diameter of th e Sun 
Pr o ble m: How do as tr o n o me rs make measur e me n ts of 
t he d iameter of the Sun? 
Purpose: T o d e t e rmin e the di a me t er of the Sun by 
using indirect measur emen ts. 
Mat e rials: A mete r stick , two pieces of notecard 
Procedur e : WARNING : 
LOOK INTO THE SUN. 
AT NO T I ME SHOULD YOU EVER 
IT COULD CAUSE BL I NDNESS . 
You will b e given a me t e rsti c k with two 
pieces of large not eca r d t hroug h the me t e r s t ic k . 
One ca rd will h ave a pin h o l e in i t. Thi s will 
ac t as a lens cau sing a n imag~ of the Sun to 
a pp ear on the secon d card . The ca rd with the 
pin hole mu st b e direc t l y between the second 
car d and t h e S u n . Yo u will h ave to stand with 
y o ur b ack to t h e Sun an d move t h e ca rd s in s u c h 
a manner as to get a c l ea r, ro und image on the 
second card. Thi s image s h o uld b e a b o ut .5 
c m. in d iamete r o r larger . Th is is t h e d iamete r 
of the image. 
Yo u will a l so ne e d to d e t ermine the di s tance 
b etween the ca rd s . Thi s is the image di stance . 
You will b e given 9.86 X 1010 met e rs as b eing 
t he ave r age di s t ance from the ear t h to the Sun . 
By u sing the size of the i mag e and it s di stan ce 
f rom the first card , a l on g with t h e given distance 
fro m the Eart h to the S un, set up a proportion 
t hat will help y o u d ete rmine the diamete r o f 
t h e Sun . 
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Results: 
Yo u should sketch y o ur ap paratus a nd the measur e -
ments of the l e ngths and diameter s . Then set up a 
formula for th e proportion and work o n t he calcu lations. 
Co nclusi o n: Giv e the di a me ter of the Sun t o the nea r es t 
100 me ters. 
D. R. Lab Lb 
Diamet e r of th e Mo o n 
Problem: Ho w d o astronomers measure the diame t e r 
o f the Moo n? 
Purpose: T o u se a met h o d o f indirect meas ur e me nt 
to det e rmine the diame t e r o f t h e Moon . 
Pro ce dur e : At a time when enou gh of t he moon i s 
visi bl e to d e t e rmine a d iameter , o bserve it through 
a wi ndow. While k ee ping y o ur eye a t a se t d is -
tan ce , have s omeo n e p lace a piece o f ma s king 
tap e o n t h e window p ane at the e dges of th e 
moon' s image. Be s ur e this is d one as accurat e ly 
as possible. 
Make measurements of the d istances f r om 
your eye to the wind o w (image d istance) and tbe 
di a meter o f the image of the moon on the window 
(imag e diamet e r). These me a s ur e ments s hould 
be made to the neares t .0 lM. 
Th e me a s ur e d mean di s t a n ce b e twee n the 
e arth an d the Moon is 2 .97 x10S meters. Using 
t h ese meas ur e me nts s et up a pr o p o rti o n to d e t a r-
min e the di amet e r of t h e Moon . 
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Res u l t s : 
As a n a id in setting up yo ur p ro p or t ions , ske t c h 
the t ri a ng les fo r me d by th e l igh t ray s fr o m 
t h e moon , t o the e dg es o f th e tap e t o y o ur 
e y e . 
Co n st ru c t th e fo r mul a s h o wi ng yo ur p r o p o r t i on 
and t hen wo rk o ut yo u r ca l c u lations . 
Conc lusion : Gi v e y o ur meas ur e ment fo r t he dia me t e r 
of th e moo n i n mete r s to the n ea r es t me t e r . 
D.R . L a b 2c 
As tr onomical Di s t ances 
Pr o b le m: Ho w can t he r ela t ive d is t ances of t h e 
me mb e r s o f o ur sola r s y s t e m be sho wn? 
P u rpose : To cons tru ct a mo d e l s h owing t h e scale 
d istances b e tween t h e S un and t h e p l anets 
o n a cas h r egister ta p e . 
Mate rial s : A meter s t ick a nd a c a s h r e gi s ter t a p e 
s ix met e r s long. 
Pr ocedur e : By using a sc a le of o n e me t e r f o r eve r y 
one millio n k ilometers and the da t a f rom the 
t a b le sho wn , set up a pr o p o r tion to d etermine 
t h e scale distance of eac h p lanet from the Sun. 
Then u s i ng one edge of the tape t o repre -
sent the edge of the S u n , plot the scale distances 
f r o m t he e d ge t o the loca tion of each p lanet 
and la b el i t ou the t a p e. 
Su n and Plane t s Ap pr oximate Distance Scale Distance 
Fr,:,rn th e S11n ( mil l ion km.) 
Sun 
Me r c u ry 60 
Ven u s 11 0 
Ea rth 150 
Ma r s 22 5 
J op.it e r 780 
S a turn 1430 
Uran u s 2870 
Ne ptune 45 00 
P l ut o 590 0 
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Results : 
Co py the c h a rt o n the pr ev i o us p a ge and 
se t up the prop o rtio n for eac h scale distance . 
Sh o w your calculations t h en fill in the tab l e. 
Co n c lusio n: When d one with y o ur t a p e f o ld it neatly 
and s t a ple it to y o ur lab write up . 
D . R . Lab 2 d 
Plane tary Diamete r s 
Pr o blem : How can the relative s izes of the Plane ts 
a nd Sun b e illu s tr ated? 
Purpose : To co nstruct a po s ter illustrating the 
scale sizes of the Plane t s and the S u n. 
Materials : Two s heets of poster board, a met e r s tic k, 
and a co mp ass . 
Sun an d 
Plane t 
S u n 
Mercury 
Venus 
Earth 
Ma r s 
Jupiter 
Saturn 
Ur an us 
Neptune 
Pluto 
Mo d el a nd Sc ale Di a me t e r s 
Mo d e l Diamete r 
(Centime t e r s) 
10 0 
Approx. Actual 
Diame t er ( 1000 km) 
1390 
5 
12 
13 
7 
140 
12 1 
47 
44 
6 
Procedure: By using pr oportions, d ete rmine t o scale 
the diame t e r of the S u n a nd each of the Pl a n e t s . 
Be s ure to round o f f eac h model ' s diamet e r to 
the nearest . 1 ce ntimet e r . 
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Using a co mp as~ dr a w a circle u sing the 
r a diu s of the mo d e l f r o m your pr o p ortion . 
(no t the diamet e r) 
Conclusion : When d one s t a pl e y o ur writ e up and 
calcu lations to the b ac k o f the po ste r. 
D. R . L a b le 
Geologic Time 
Pr o blem : Ho w can time p er iods and eve nts in geologic 
hi s t o ry b e illu s trat e d as to l eng th o f time 
s pan? 
Purpose : To cons tru c t a time line to s how eve nt s an d 
r elat i ve time lengt h s on a cas h r egis ter tape . 
Materials~ A cas h r e gist e r tap e 4 . 5 me t e r s long , 
a c hart listing vario u s events and l e ngths o f 
time fro m the geologic hi sto ry of t h e ea rth. 
Pr oce dur e : The earth is felt to b e ap proxima t ely 
4.5 b illion years old . Yo ur t a pe will b e 4 . 5 
mete r s long . By representing 1 billion years 
as 1 met e r of tape, se t up pr o portions t o 
d e t e rmine t h e l eng ths of tap e needed to re p re -
sent the amount of time f o r e ac h eve nt o n the 
t a p e . 
L a b e l one end of yo ur t a p e t h e "b eg inning " 
and the oth er end " now ." Measure the scale 
distances fro m " now" to eac h event an d label 
your tape . 
Res u lts: 
Set up the proportions and so l ve them fo r 
eac h event o n the g r ap h, b e ing s ur e to sho w 
your work . Als o yo u will h ave to cop y and fill 
in the table o n the next page fro m y o ur calcu-
lations . 
Conclusions : St a p le y o ur comple t e d tape to y o ur 
write up a nd t h e comple t ~ d c h a rt . 
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Ages of Events in the Past * 
1 . Oldest known ro c k s , 3.9 b il l ion years ago 
2 . First known plants (algae) , 3 . 2 billion years ago 
3 . First known animal (jellyfish), 1.2 billion y ea rs 
ago 
4 . Beginning of the Camb rian an d firs t a bun d ant 
fossils , 600 million yea r s ago 
5 . Beginning of the Ordovician and firs t b ackboned 
animal 500 millio n years a go 
6 . Beginning of th e Silurian and the first land 
plants , 44 0 million years ago 
7 . Beginning of th e Dev o nian an d th e first amphi b ians, 
40 0 million years ago 
8. Beg inning of t h e Mis s is sippia n , 350 million y ears 
ago 
9. Beginning of th e Penn s yl va nian and t h e first 
r e p tiles , 305 million years ago 
10. Beg innin g of the Pe rminan, 270 millio n y ea r s ago 
11 . Beginning of the Tri ass ic , the first din osa u r s 
and mammals , 2 25 millio n y ears ago 
12 . Beg in aing of the Ju r assic , 180 million years ago 
13 . First bird s , 160 million y ea r s ago 
14 . Beg inning of the Cretaceous , 135 million y ears ago 
15 . Beg inning of th~ P a l eocene and first primate s , 
70 million years ago 
16 . Begin ning of the Eocene , 60 million years ago 
17 . Beginning of the Oligoce n e a nd first elephants, 
40 million year s ago 
18. Beginning of the Mio ce ne , 25 million years ago 
19 . Beginning of the Pliocene , 11 million y ea r s ago 
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20. First human beings, about 2 million years ago 
21. Beginning of the Pleistocene Ice Age, 1 million years ago 
22. End of the Ice Age, 10,000 years ago 
23 . Mount Vesuvius eruption destroys Pompeii, 79 A. D. 
24. First person on the Moon, 1969 
25. Last New Years Day 
26. Now, today 
*Fr o m the American Geological Institute's Investiga ting the 
Earth. 
D. R. Lab 2f 
Problem : 
Purpose: 
The Occurrence of a Trait within a Population 
What is the frequency of occurrence of a charact e r-
istic within a population of peas? 
To determin~ if a pattern exists between t he 
occurrence of Wrinkled Skinned Yellow Peas and the 
occurrence of Smooth Skinned Green Peas within the 
same population. 
Materials: A large jar of Pea seeds that represent a n 
accurate sampling of all pea characteristics from 
one crop . 
Procedure: You should take v a ryin g amo unts of peas randomly 
from the j a r and separate the Wrinkled Sk inned Yel -
l o w from the Smoo th Skinned Green Peas. 
After t a king several different si zed samples , com-
pare the rati o s of the two types of peas to see if a pattern 
exists that can be used t o make predictions about the num-
ber o f peas of each t ype that will occur in different sized 
populations. 
Results: 
P lace al l y o ur ratios , ma th work, etc ., in this 
sect ion . Yo u s h o u ld also di s play your r es u lts in a 
table and in a line g r a ph. Be l o w is a s u ggested 
forma t th a t y o u may u se for the t ab l e and graph . 
Numb e r of Wrinkl e d 
Ye llow Skinned P eas 
Numb e r of Wrinkl e d 
Yellow Skinned 
P eas 
Numb e r of Smoo th 
Green Skinned P e a s 
Numb er of Smoo th Green 
Skinned Peas 
Di sc u ssion : How can you use t h e n umb ers an d know-
l e d ge yo u gaine d from o b se r ving the patt e rn 
a bo ve t o pr e d ict the occ urrenceof eac h type of 
pea in y o ur t otal samp le if it con t ai n e d a 
s p ecific number s u ch as a thousand p eas . You 
may wi sh to u sa r o u nde d numb e r s , or to sligh t ly 
" fu dge " yo ur d ata to obtain a rule . The " f ud ging " 
of data will allow for vario u s types of er r o r s 
in co untin g , samp ling , e t c . 
Concl u sion : Wha t i s t h e ratio of y o u r t wo t y p es of 
c har ac t e ri s tic s to eac h ot h e r ? 
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D. R. La b 2g 
Charles ' L a w 
Pro bl em: Wh at i s the relationship b etwee n c hanges 
in t h e temperature of a gas an d i t s volume? 
Pu rpose : To est abli s h the re l a tions h i p between the 
t e mperature and the vol ume of a gas. 
Materials: T hermometer-Glass tubing ap p ara tu s wir e 
sti r ring rod , l arge test tube, ring s t an d with 
clamp , and an a l co hol burner . 
Procedure : Obtain and assemble the a pparatuswhich 
is compose d of a narrow glass t ub e sealed at 
one end , wit h a mercury pl u g a t t h e other end. 
Th is fits through one hole of a two -holed sto p -
p er , an d the other hole h s the wire stirr ing 
ro d through it. 
This i s pl ace d in the large test t ub e wh ich 
in one - h alf full of wate r. Yo u will need to 
initially r ecor d t he height of the mer c u ry p l u g 
as a degree reading off the thermo meter, and also 
record t h e water t~m p e rature off th e thermomete r. 
Th e t ub e should b e h ea t e d slowly with a 
constant s tirring of the water . Yo u s h o uld 
p e riodically record the h eigh t of the column of 
air (thermo meter degrees ) and the water tempera -
t u re . You s hould o bt ain a t least 1 0-15 measure -
ments o~a 70 ° C range . 
At the completion of your research, measure 
the thermometer to obtai n the lengt h of each degree. 
Th is s h o uld b e recorded as t h e number of mm per 
°C . Use thi s then t o co nv2 rt the heigh t of the 
ai r col umn into millimeters. 
Results: 
Sho w your calcu lationa an d pl ace y o ur data in a 
table and line gra ph as s ugges t as fo llo ws : 
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Water Temp. Height of Column Height of Column 
° C '(Thermometer De ree) (Millimeters) 
------+"'--------- --._j!,--;._-+----'-------'--.;..,;_--
Volume of Gas 
(Column Height 
in millime t e r s ) 
Water Temperature (°C) 
Dis c ussion: Ex a mining your graph , and using a best 
fit line , see if it co u l d b e u se d to predi c t 
the h eight o f the ai r co lumn at any temperature . 
Co uld this be se t up as a proport io n, if so se t 
it up and e x pl ain it in det ail . 
Conclusion: Summarize your findings in one or two 
sentences. 
I. R. L a b l 
Boyle ' s Law 
Problem: How d o press ur e c h anges a f fect the vol um e 
of a gas in a clo£cC sys tem? 
Hypothesis: If the pr e ssure is 
the vol ume of the gas will -------
, then 
Materials : You will b e giv e n a syringe se t s pecially 
d esigned for thi s lab and a se t of bricks to be 
u sed as weights. 
Pro ce dur e : Using the weight of the bricks as pres s ure 
design an experiment to st udy the r e lationship 
of variations or press ure on tha vo lume of the 
gas. The gas volume ca n b e read off the sid es 
of the syringe. Your teacher will illustrate 
how to se t t h e s yringe on a sp ~cific volume by 
u sing the wire. 
Ca n you design a mea n s of u sing a reduced 
pr ess ur e1 When designing yo ur expe riment , t a k e 
ca r e to control all your variab les . 
Results : 
Place your collec t e d d ata in a table and the n 
display it u sing a line graph . Place a be st fit 
line an d see if you can o b serve any relationships 
that ma y exist. 
Discussion: Look for a pattern fro m whi c h p redictions 
co uld b e made concerning c h anges in press ur e 
in the fut ur e . 
Conclusion: Summarize your results . 
Additional : Set up a form u la using prop o rtions that 
would b e h e lpfu l in calc u lating changes in vol ume 
due to variations in pres s ur e . 
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